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ABSTRACT

This paper documents a computer program to be used in solving
nonlinear programming problems with nonlinear programming problems
in the constraints. The program, named INSUMT, is used with the
standard program, named SUMT, which implements the sequential uncon-
strained minimization technique for nonlinear programming. SUMT
calls INSUMT when it is necessary to solve a nonlinear program in
a constraint. The INSUMT program, together with a fairly complete
example of its use, is included in the documentation.

Theory and applications of the models which can be solved using

this program are treated in two companion papers,
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INTRODUCTION

Reference [2] formulates a class of mathematical programs with
optimization problems in the constraints. Reference [3] gives
models of a number of defense problems which can be approached
using the techniques. The present paper documents a computer
program for solving mathematical programs with nonlinear program-
ming problems in the constraints.

Fiacco and McCormick in Reference [4] present theory and
computational aspects of the sequential unconstrained minimiza-
tion technique (SUMT) for nonlinear programming. Applications of
nonlinear programming to a number of practical problems are presented
in Reference [1]. The initial computer program for SUMT is docu-
mented in Reference [5]. The most recent computer program for SUMT
is documented in Reference [6]. It handles equality constraints,
and includes routines for computation of first and second partial
derivatives using function values. Various unconstrained minimiza-
tion methods are available in the SUMT program, requiring function
values and first partial derivatives or requiring function values
and first and second partial derivatives. Numerical differentiation
routines facilitate the use of various unconstrained minimization
methods, These are necessary in solving mathematical programs with
nonlinear programs in the constraints, since the partial derivatives
of the constraints cannot be stated explicitly.

The present paper is designed to be a supplement to Reference
[6] and to be used with it.







PROBLEM DESCRIPTION AND SUMMARY OF COMPUTATIONAL PROCEDURE

One of the mathematical programs considered in Reference [2] is

to choose vectors x = (Xg5 «ees Xn) and v' = (Vi, cees Vi_) for

i=1, ..., mto *
minimize f£(x)
xe X
subject to
. i i .
hi(x) = min g (x, vV)>0 |, i=1, 2, .y M
i i
v e V

It is shown thgre that if gi(x, vi) is concave in x on a convex set
X for every vtoe Vl, then hi(x) is concave on X where the convex
set X may be defined by inequality and/or equality constraints, If,
in addition, f(x) is a convex function on X , then the mathematical

program is convex,
To outline the computational technique, it is useful to

differentiate between the "outside program,"

min £(x)
X e X

subject to
hi(x) >0 , i=1 2, ..., m ,
and the "ith inside program,"

min gl(x, vl)
vte vt




When convenient the distinction among the m inside programs will be

dropped, considering only the generic problem:

min g(x, v)
veV

The constraint functions hi(x) in the outside problem are
implicit in that their values depend upon the solution of the inside
problem, which in turn depends upon the value of x . Thus, a solu-
tion technique for the overall problem must not rely on an explicit
functional form for hi(x).

The computer program described in this paper, called INSUMT,
is based on SUMT. The standard SUMT program is used for the out-
side problem. The new INSUMT program is used to solve the inside
problem, SUMT and INSUMT are iterative routines. Let xk denote
the value of x for iteration k of the outside problem and
v¥ denote iteration 4 for the inside problem. The solution
procedure is initialized by the user supplying x° and vo.

During iteration k for the outside problem, the inside problem
is to choose v ¢ V to minimize g(xk, v). At iteration 4 of the
inside problem, there is a value vz. This value is then used by
INSUMT to generate a new value vz+l. Continuing in this manner, the
inside problem is solved, yielding v*(xk) such that

g(xk, v*(xk)) = min g(xk

veV

> V)

Control then passes to the outside problem which generates a new

solution value xk+l.

The process is repeated until the sequence
{xk} converges,

The routine INSUMT resides in core with SUMT and may be called
to evaluate more than one constraint of the outside problem., For
each such constraint, user-supplied subroutines of INSUMT provide
information concerning the functional form of gi(x,vi) and of the
constraint set Vi. User-supplied subroutines for SUMT give analogous

information for f(x) and X .




The SUMT and INSUMT programs iteratively generate values of the
solution variable by optimizing an unconstrained penalty function.

4 and from the

Specifically, iteration £ + 1 generates AL from v
functional forms of the objective function of the inside program and
the constraint set. The computation calls for the first, and some-
times second, partial derivatives of the relevant functions. These
may be specified by the user. However, for the outside problem,
explicit derivatives of hi(x) cannot be given., SUMT uses numerical
differentiation in this case to approximate the derivatives to be

k+1 k

used in generating x from x .







DESCRIPTION OF COMPUTER PROGRAM

The program is modular in structure, It consists basically of the

SUMT program (subroutines MAIN through XMOVE), one set of user-supplied

subroutines containing function evaluations for the outside mathema-
tical program (READIN, RESTNT, GRADl and MATRIX), the INSUMT program
(subroutines SUB through XMOVES), and one set of user-supplied sub-
routines containing function evaluations for the one or more inside
mathematical programs (READIX, RESTNX, GRAD1S and MATRXX).

The workings of the SUMT subroutines MAIN through XMOVE are
described in Reference [6]. The user-supplied subroutines for the
outside program perform the following tasks when used with INSUMT.

READIN reads in the parameters used in evaluating the objective
function and constraints.

RESTNT evaluates the objective function and constraints of the
outside program for a value of x . Except where constraints con-
tain inside mathematical programs, the functions are evaluated for
the current value of x . Otherwise, RESTNT calls SUB, identifying
the inside mathematical program to be solved for the current value
of x , and SUB returns the value v*(x). RESINT then evaluates
h(x) = g(x, v*(x)).

GRAD1 evaluates the first partial derivatives of the objective
function and constraints in two ways. Where the constraints do not
contain inside mathematical programs, for the current x the first
partial derivatives are evaluated either explicitly or using numeri-
cal differentiation. Otherwise, GRAD1l uses DIFF1l to numerically
differentiate the constraints which include inside mathematical
programs,

MATRIX evaluates the second partial derivatives of the objective

function and constraints of the outside mathematical program in two




ways., Where the constraints do not contain inside mathematical
programs, for the current x the second partial derivatives are
evaluated either explicitly or using numerical differentiation.
Otherwise, MATRIX uses DIFF2 to numerically differentiate the
constraints which include inside mathematical programs.

The INSUMT program consists of subroutines SUB through XMOVES.
Three basic changes are made in SUMT to result in INSUMT.

First, all subroutine names are changed by simply adding an
S to the end except where this results in more than six letters,
in which case the last two letters are replaced by X (e.g., OPT
becomes OPTS and RESTNT becomes RESTNX). All calls to subroutines
within INSUMT are changed to include the revised names of the
called subroutines. SUMT calls INSUMT only by RESTNT calling SUB.
After SUB is called INSUMT calls only the subroutines within INSUMT
until SUB returns to RESTNT.

Second, all labeled COMMON arrays are changed by adding an §
to the end, except where this results in more than six letters, in
which case the last two letters are replaced by X (e.g., SHARE
becomes SHARES and CONPAR becomes CONPAX).

Third, subroutine MAIN is modified to obtain subroutine SUB by
changing the name from MAIN to SUB, and by modifying the subroutine
to read in data for the inside mathematical programs the first time
each problem is solved and to save the data in an array for subse-
quent solutions of the problems.

User-supplied subroutines READIX, RESTNX, GRAD1S and MATRXX
are called by INSUMT. Depending on a parameter denoting the inside
mathematical program being solved, the subroutines calculate appro-
priate function values, first partial derivatives, or second partial
derivatives.

In the first several runs of a program, it is necessary to
observe the intermediate points of the solution of the inside
programs., RESTNT thus prints out which inside program is being
solved, and INSUMT prints out the intermediate points. After it




is established that the inside programs are being successfully solved,
printing of their points is suppressed by deleting the print statements
from RESTNT and by modifying BODYS, CONVRX, ESTIMS, FEASS, INVERX,
OPTS, OUTPUX, PUNCHS, TECHECX and TIMECS. The modifications are
described later.







EXAMPLE PROBLEM

An example problem is used to describe the use of INSUMT with
SUMT.
The problem is to choose X1s eeey X to

minimize X, +...+ X
1 n

subject to

minimum x- (v, - 2)2 +...+ X (v —2)2 >
1M1 n*n =71
V. +...+4 vV_<n
1 n —
| 5 minimu@ xis (vl - 2)2 +...+ xés (vr1 - 2) > r, .
vi +...+ v <D

To illustrate the problem, take n = 4, r. = 4, r_, = 4 and let the

1 2
starting point be Xy = Xy = Xz = Xy = 4 for the outside program and
v, = v, =v, =v, = .5 for both inside programs. The value of the

1 2 3 4
objective function of the outside program is

xl + x2 + x3 + x4 = 16

The objective function of the first inside program is
4(.5 - 2)2 4+ 4(.5 - 2)% 4 4(.5 - 2)° + 4(.5 - 2)° = 36

and since .5+ .5 + .5+ .5 =2 < 4 the first inside program starting

point is feasible. For the second inside program the objective

11




function is

2(.5 - 2)%2 + 2(.5 - 2)2 4+ 2(.5 - 2)2 4 2(.5 - 2)% = 18

2 2

>

and since .52 + .57 + .5 + .52 = 1 < 4 the second inside program
starting point is feasible. Since 36 > r (= 4),

feasible point for all three programs.

The solution to the example is Xy

Vg TV, T Vg =V, = 1 in both inside programs, yielding

X1+X2+X3+X4

and

—

s.t.
L (L+1+1+1=4)<4

12

= X

2

= X

3

= X

18 > r, (=4) ,
the three starting points, one outside and two inside, provide a

4

=1+1+1+1=24

l,

W1-202+1(1-22+10-22+10-2)% =4

2 2
12(1 - )2 +1%(1 - %2 + 1% 1 - 22 + 121 - )% = 4

with

1V
N

=

o

Iv
¥




COMPUTER PROGRAM INCLUDING USER-SUPPLIED SUBROUTINES FOR
EXAMPLE PROBLEM
In this section the user-supplied subroutines for the outside
program are presented, followed by the INSUMT program, followed
by the user-supplied subroutines for the inside programs. The
SUMT program is not supplied, being documented in Reference [6].
RESTNT contains print statements for each call for solution
and end of solution of an inside program. The INSUMT subroutines
SuB, BODYs, CHCKEX, CONVRX, ESTIMS, FEASS, INVERX, OPTS, OUTPUX,
PUNCHS, TCHECX and TIMECS contain print statements for the points
of the inside programs. Thus the program as listed prints all
intermediate points. However, the changes necessary to suppress
printing are indicated in heavy markings directly on the listing.
Simply remove the boxed statements, and replace them by the state-
ments written, if any. Printing is done by SUB only the first time
it is called, so SUB is not modified. Printing is done by CHCKEX
only if control cards dictate, so it is not modified. All other
print statements are removed to suppress printing of inside programs.
It should be noted that all data of the example problem are
contained in the set of user-supplied subroutines for the outside
program (READIN, RESTNT, GRADl, and MATRIX) and the set of user-
supplied subroutines for the inside programs (READIX, RESTNX, GRAD1S
and MATRXX). For most problems READIN should be used to read data
for outside and inside programs, since READIX is called each time an
inside program is solved, and it should not be used.
Control cards are read in the following order: Outside program,

first inside program, second inside program, and so on if there are

13




more inside programs. SUB saves the control card data, and inside

program starting points, and provides these data each time an

inside program is solved. Dimensions on PARS are presently (2,47),

including up to 20 variables in the inside program. This would

have to be changed for more than 2 inside programs or 20 variables.

14




User-Supplied Subroutines for Outside Program

15




SUBROUTINE REANIN

000002 9999 CONTINUE
000002 RETURN
000003 END

16




000005
000005
000005
000005
000006
000007
000010
000012
00001¢

000016

2
§8885¢9
000023
000024
000027
000031
000036
000041
000041
00004

88885

000051
000057
000041

89883
0000g4
000065
808070

00042
000076
000102
000102
000103
000107
000107

888112
000124

000126
000126
000127

190
1°0

200
300

3p4
305

SURROUTINE RESTNT(IN,VAL)

COMMON/PROR/ ISP

COMMON/OUT/NOUT X T (100) ,y (100,

Eﬁ"n°“’5“‘"5’ X(100)s DELC100) s AC100+100) sNoMs MNoNP1yNM1 100000670
=

VAL®p

IF(IN) 10091009200

[3]0] 159 sleN

VAL B VAL ¢ X¢y)

GO TO 9999

IF(IN=1)30093009400

1Sp=l

NOUT=&N

00 305 jsl,n

IF (X () =0s)30% 3044305

X{J))=l,E=08

XT ¢ ymX ()

|3o7

YRYTE(E,307)
FORMAT (1}H} PROBLEM A)

caLl SUB

WRITE (6+308)
358 A '3

32

400

4p4
405

841 PRQB A
DO JesteN
VA = VAk ¢ X(JO(V(g)=2,)002
VALsVAL=%,
GO TO 9999
ISP-Z
NOUT &N
00 405 Jalyn
IF(X(y)=0,)%04,40%,405
X(J)II.E-Oa
xT(J)=x i)

407

WHITE (64407)
FORMAT (1141 PRQBLEM B)

CALL SuB

[‘oe

WRITE (69408)
FORMAT (18H1 PROBLEM R SOLVED)

420

9999

00 420 J=1,N

VAL = VAL ¢ X(J)®8,5 & (y(J)=p,)ee)
VAL RVAL=4,

GO TO 9999

CONTINUE

RETURN

END

17




SUBRQUTINE GRAD1(IN)

000003 COMMON/SHAREZ x(100), pEy (100), A(100,100) ,nyms MnoNPLonM] 10000070
ooooog g DO 20 ysl,N

0 =
855080 0 25120188, 100, 200
000011 100 DO 1°0 y=lyn
000013 150 DEL( f = 1,
000017 60 10 9999
288837 200 CALL DIFF)(IN)

GO To 9999

000022 9999 RETURN
000023 END

18




000005
000005
000006
000007
000010
000011
000013
000013
000014

100

200
9999

SUBROUTINE MATRIX{(INsL)
COMMON/SHARE/ x (100’ DEL(1007s A{10091007 +NoMs MNINP]sNM1
IF(IN}100+1009200

=

69 10 9999
CALL DIFf2 (IN)
GO TO 9999
CONTINUE
RETURN

END

19

10000070







INSUMT
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000002

00000
00000

000002

00000
00000
000002
000002

ooono2

000002
000002

000002

388895

000012
000036

888832

000054

0000sS

000
000?3g
000112

000136
000142

000172
000202
000206

000216
000226
000232
0002642
000244
000246
000247
000251

SUBROUTINE SUB

MARCH 1971

OO0 00O OO0

COMMON/PROR/ ISP
COMMON/OUT/NOUT»XT(100) sV (100}
COMMON/ IN/W (100)

COMMON/SHARES/X(100), DEL(I00)s ACL009100) ¢NyMy MNoNPI NMI

COMMON /EQALS/He HYe M2

COMMON 7OPTNSS/NTYoNT2yNTIgNT4yNTSyNTEINTT o NTBINTIeNTIO
c M

/VALUES /F 4G4Po,RSIGMA, Ry(200)s RH

COMMON/CRSTS/0ELX (100’ DELX0 (100)* RHOIN®RATIO® EPSI® THETAg®
RSIGYs GIo X1(100)s X2(100)s X3(100)9 XR2(100)s XR1(100)s PRy

R2ypP1y Fly R;1(200)y pOTTe PGRAD(IN0)s DrAG(100)
3 gREva.AoELx. chTR. NUBINI. ﬁgHASE. “SATlg ’
COMMON/EXPOPX 7/ NEXOP1® NEXOP2Y XEPIs XEP?2

OIMENSTION 1FTS(2) yPARS(2,447)
DATA IFTS/gv0/

00 S J=1,NOUT
S WlgraxT(y)
1F(1FTS(1SPYY10,10,20

PARAMETER CARO
0 REAO (Se50) EPSIJRHOINyTHETAQyRATIOs TMMAXsMyNoMZ
INITI1AL X VERCTOR CARD FORMAT
READ (59603 (X(I)oInlyNy
NT TR-?
NP lane
NMlmpnel
C SUBROUTINE RgaplIN 1S UNDgR PROGRAMMER ¢ONTROL
CALL REAQ1X
C OPTION CaRD FOLLOWS PROGRAMMERS 0ATA
REAO (5'8?) NT1oNT2oNTIoNT4INTSINTEoNT7INTRgINTOINTTIO
wRyTe (6,110)
WwRITE i6.|20; N M My TMMay  RHOIN RAT10 EPSy, THETAD
WRITE ‘69130
WRITE (6480) NT1oNT2oNTIoNTEHINTSINTEINTTINTBINTOINTIQ
C==READ TOLERANCES
READ (S,60) xEP1, xeP2
WRI1TE (6,90!
WRITE (6+70) XgP1s XgP2
C--READ SECOND OPTION CARD
REAO (S+80) "NEXOPI,NEXOP2
WRITE (6,100)
wRITE (6,80) NEXOP) NEXOP3
PARS (I1Sp* 1) = EPS)
PARS (ISP, 2) = RHOIN
PARS (ISPy 2) = THETAO
PARS (ISP, &) » RAT10
PARS (ISP* S) = TMMAX

O= OO0

22

MAIN IS THE PROGRAM THAT INITIATES THE SUMT ALGORITHMe THE INPUT OF
PARAMETERSs OPTIONSes AND STARTING POINT IS DONE IN MAIN, AFVER THE
SOLUTION OF ONE NLP PROBLEM MAIN LOOKS FOR OATA FoR ANOTHER NLP PROB,

000030
000040

000050
000060

000070
000080

0001R0
000485
000260
88822

000250
oooago

000320
000330
000§§0
000350
000360
000370
000789
000390
000400
0004]0
0002£0
000430

000440
000650




0002
ooozgi
000256
000260
000262
00026‘
00027
00027
000275
000277
ooo3ol
000393
00030
000307
000311
000313
000
oooai;
000320
000322
000323
000325
000327
000331

ooo;gg

000337

000337
90231\
000344
000366
000367
381
838353
0003585
000357
88835:
66
000370
000372
000374
000376
00040
ooozog
000404
000406
000410
000412
000414
000415
000417
000420
000422
00
000438

000430

BABS (Igery)

20

21

PARS (ISPy 6) = M
PARS (ISPs» ) = N
PARS (1595 8) = MZ
00 & ksl,20

LIKQH
PARS(ISP.L) 2 X(K)
PARS (1Sps29) = NTI1

PARS (159.3 =
PARS (159'31) =
PARS (159.32) =
PARS (159. 3 &
PARS (1SPs3 ) a NTS
PARS (159.35) a

»

]

PARS (ISP'38‘ NT10
PARS ( 159‘39) = NT]1

PARS (159. a XgPl
PARS (ISP. l) s XEP2
PARS (1SPe%2) = xgp3
PARS (159.‘3) - NEXOPI
PARS (ISP+*%) = NEXQP
PaARS ilSP.QS; = NEXOP
PARS 'ISPras! = NEXOPA
PARS (ISPsa7) = NEXOPS
1575(159)-1

69 T0 28

EPSI ® PARS(ISPyI)
RHOIN= PARS (ISP )
THETAO = PARS(ISPo3
RATIO0 = PARS(ISP-
TuMAX = PARSAISPoS)
M = PARS (ISP

N = PARS(ISPsT)

MS' PARS (1SP+8)

21 Kal,20
L® Kk*8
X({K) s PARS(ISP'L)
NT! = PARS(1SP929)
NT2 = PARS(1SP»30)
NI3 = PARS(I posl)
NTe o .32‘
NTS = PARS 159'33
NT¢ = PARS(ISP.;;)
NTT = PARS(ISP»
NT8 = pARS(xSp-36)
NT9 = PARS(ISPs3T)
NT10 = PARS(ISPs38)
NT1D = PARS(ISP.39)
xEPI = PARS(ISPo 0)
xEPZ =2 PARS(ISPi41)
P = PARS(ISP1%2)
NEXOPI-PARSiISP.43
NEXOP2%PARS 159-55
NE!OP!-PARS(XSPvig)
~£xoa lPlRS(ISPv

NEXOP uPARS (ISP

23




000432

000433
000435
000636

0004237

000440
000441

000442
000443
000444
000445
00044

00045

000456
000442

000‘63
000474
000675
000676

000477
000°01
000505

000505

000505
000505

GO TO 25
c
25 CALL SETS(TMMAX)
CALL TIMECS
NPHASE=4 88857
C === JUST TO GET AN INITIAL PRINTOUT 48
CALL EVALUS
Poas0 0902}
= L]
g=o,o 000520
RSIGMA=0,0 000530
CALL OUTPUX (2)
CALL STORES
IF (NEXOP].GT.y) caALL stsx
IF (nexopl,ga.? sTop 01072 000570
If (NEXOP!.EQ.S) SsTop 01104 000540
CALL FEASS
C NPHASE=g IS USEB TO INDICATE NO FEASIBLE POINT EXIST 888698
G0 To (30,3Y,30,30,10y, npHaSE 6
39 PHASER2 000620
TCTR=0 000630 1
CALL BODYS
DO 35 J=1eN
35 vigrax(
RETURN
c 000670
c PARAMETER CARD 000680
50 FORMAT (5E1ceqe316) 000690
¢ INITIAL X VERCTOR CARD FORMAT 000700
60 FORMAT (gE1206) 000710
70 FORMAT (6g20,7) 000720
c OPTION CARD FORMAT 000730
8 FORMAT (101I7) 000750
? FORMAT (1340 TO_ERANCES ! 000740
00  FoRMAT (2640 SECOND SET OF OPTIONS ) 000770
Io (FORMAT (564l NONLINEAR PROGRAMMING ROUTINE=SUMT VERSION 4 SuB e
)
120 popMaT (INP45K,2uNaT346x+2HMa306Xs3uMZe13//8Xe ) 0umax, TIME=g14,7, 000380
16X s 2HR3ET4, [ o 8x s OHRATTO02ETS, 746X BHEPSTLONZEL S, 74X ETHETA=EL4,T) 000810
130 FORMAT (1m0 OPTIONS SgigcTeD, 000820
END 0008390

24




000002
000002
000002
000002

000002
000002
0000023
000004
000005

000006
000007
000010
000011
000017
000020
000022
000023

000024
88883¢

000045
000053
000054

00005
000068
000061

000070

000071

000100
000102
000112
00011

000124
000125

000127

000130
000133
000142

SUBROUTINE BODYS

OCTOBER 1970

(s NaXa]

C BODY COOROINATES THE FLOW AMONG THE SUBROUTINES THAT ACTUALLY 00 THE
C CALCULATIONS REQUIREOD gY THE V{Rlous PARTS OF THE ALGORITHM.
COMMON/SHARES/X (100) 4 ogL (100)y 2(1004100) yNymMs MNINPLoNM]
COMMON ZOPTRSS/NT1oNT2yNTIoNT4yNTSINTE G NTT NTByNTIoNT 10
COMMON ,vALUES/F,G,P0,RSIGMA, Ry(200)s RHO
COMMON/CRSTS/0ELX(100)* OELX0(100)°* RHOIN'RATIO® EPSI® THETAQ®
1 RSIGly Glo X1¢100)s X2(100)s X3(100)s XR2(100)}s XR1(100}, PRIl
2 PR2,P1s Flv RY1(200)y OOTTy PGRAO(100)s DIAG(100)
3 PREVIVADELXs NTCTRy NUMINI® NPHASEs NSATS
COMMSN/CONpex 7/ NFly NF2yNF
Nfls
NF3aL2
MNZg
NUMIN]I=Q
c OPTION Of GETTING INITIAL RWO
CALL RHOCOX
CALL EVALUS
10 CALL XMOVES
GO TO (30+20)s NT3
20 cAtL BIM cs
call YuTPux (1)
GO TO 40
30 CALL TCHECX
€ IN FEASIBILITY PHASE &4 MEANS FEAS ACHIEVEQ
40 " Gg TO (S0+5Y950,200)s NSATIS
0 CA_LL CONVRX (N1
G0 To (60, °.T3b). N1
C MINIMUM ACHIEVEO IF Nilm])
60 G0 70 (79,803, NT3
70 CALL TIMECS
CALL OUTPUX (1)
C ==~ NUMBER OF MINIMA ACHIEVEO INCREASED BY !
g0 NUMlelNuMINIOI
MN=
5 Gg To (190,90,90y, NPHASE
0 (d ESTIMS
c FINALLbIGHTIHAVE 8EEN caLLEO By eSTIM.CONVERGED IF N2a)
GO To ‘190°110%120'° NT4
c NT4=) FINAL CONVEREENCE ON o ORDER ESTIMATESs NT4®2 CONVERGE ON FIRS
C ORDER ESTIMATES) NT =3 CONVERGE ON SECONO OROER ESTIMATES,
100 cALL FINaLS{Nr))
60 To (130*140)° NF)
150 GO TO (130014009 NFS
120 0.T0 (130,1%)+ NF
130 ETURN
140 RHO®RHO/RATIO
¢ USING PREVIOSLY COMPUTEO VALUES FOR Fs ANO RJ P 1S RECOMPUTED WITH THE
C NEW VALUE _OF RHO.
caLL PEVaLX
C A VECTOR IS LEFT IN DELX'I? BY ESTIM
IF (NUMINI=€) 10,150,150
150 G0 TO Alogl-o'lbo)- NTT
160 caLL 6RapS(2)

25

000850
000860
000870
000880
000890

000980
000990
001000

881818

001060

001090

001110
001120

001140

001150
001160

0011g0
001200
001210
001220

001240
001250

001845

001290
001300
001°10
001320
001339
001340
001350

001370
001380
001399




00014a
000145
000153
000157
000141
00016

00016

000165
0001¢5

s NT3

CALL OPTS

179 wRiTE (6,210}
CALL oUTpUx (T

lag0 o 10 SO

190 IF (G) 90+90+200

200 RETURN

C -== DUAL VALUE GREATER THAN o MEANS NO FeasigLE POINT ExISTS

C
210

170 CONTINUE

FORMAT (6X,30HMOVED ON EXTRAPOLATION VECTOR )

END

26

001420

001450
001660
00147¢
0014R0
001499
001500
001510




000002
000002
000002
000005
000006
000010
000012
00001

000015

000022
00

§o 933
00041
000054

888851

000065
000067
000071

899876

000lo
000102
000110

oool 1¥

000116

588132

000123
000126
000127
000137
000140
002143
0001
00012§
000150
°°8}53
00
000123
000164
000203
000206
000207
000210
000216
000220

SUBROUTINE CHCKEX

MARCH 1971

OO0

C CHCKER COMPUTES AND LIST THE FIRST PARTIAL DERIVATIVES USING GRAD1
C AND THEN USING NUMERICAL DIFFERENCING (DIFFy). IF REQUESTED THE
c S%E:ND PaRT1aL UERIVATIVES ARg cOMPUTEp aNp LISTep USINGg MATRIX aNp
coD 2°
COMMON/SHARES/X(100), DEL(100)s 2(1009100) jNyMs MNsNP14NM]
COMMON /EQALS/Hy Hle M2
uaz- onon

DEL (V2112345678
S CONTINUE
D0 19 ImyeMM2

E *E (6,170) N
CALL GRAD]S‘IN)
WRITE (e.ieo) (DEL (J) o Jm] oN)
CALL DIFF sslN)
WRITE (6,182) (pEL(Y) synleN)
10 CONTINUE
CoosSOMETIMES ONLy F{RST pERIVATIVES ARE TO BE CHECKED
IF (NEXOP} LT..) GO TO 169
HRng 9Y
Do 1°0 l-loMMZ
Ng1.1
WRITE (6°170' IN
I1T=2
p0 30 k=l,N
D0 20 ymlyN
20 A(KoJ)-O
30 CONTINUE
CALL MATRXX(IN,IT)
15 (ITQEQol) 60 To 150
50 K-?o
KMl sKe]
00 40 JIl.K"l
éA(KoJ).LQ.OoO) GO To 40

HRITE (6.210) Ked
GO T0 60
40 CONT INUE
50 CONTINUE
60 DO 90 K=myeN
00 To ymksN
IF (A(KyJ) NE, 0,00 GO TO 8o
70 CONTINUE
WRITE (6,220) K
6Q 10 90
80 WITE (e 200) Ky (A(KyJ}odmloN
90 CONTINUE
DO 110 K=14N
DO 100 yslyN
100 A(KeJyaO,
110 CONTINUE'®
WRITE (60115) IN

27

001530
001540

001550
001560

§81378

001590

001639
001640
001650
001460
001670
001680
001690

001710

001730
001740
0017S0
81758
17
001789
001790
001800

381338

001830
001840
001889

001879
001880
881528
00191¢

001930
001940
001959
001960
001970
00198¢
001990
002000
002010
002029
002030
ogzvo
002050
oosozo
002070
002080
002090




000226
000226
000230
000232
000233
000236
00024

00074

000247
000266
000271
000274
000274

000275
000275

000275
188272

0215
000275
000275

115

120

130
140
150
160

170
180

190

298

220

FORMAT {13H0 CALL DIFF2{s12¢1H)
CAL& DIFF2S(IN)

no 40 K:l'N

DO 120 J=KeN

IF (Atked) JNELoy GO TO 3139
CONTINUE

WRITF (6,220) K

68 10 149

WRITE (6,200) Ko (A(KoJd)sduloN)y
CONTINUE

CONT INUE

CONTINUE

RETURN

FORMAT (  28HACHECKFR.se0sCONSTRAINT NO,
FORMAT (1HO0924HCHECKERso0se)ST PARTIALS/ (1X9E20,8+E20,89E20489E20,

189£20,R9g2008))

FORMAT (1H0424HCHECKFR, .,,.2ND PARTIALS)
/(1X'E20.8°E
FORMAT (34 A(e1201H90124101) Ng, O

FORMAT {4HgROW® 13

)

FORMAT {44 ROW,13411H ALL ZEROQS.)

END

28

oRE20.R'E20.B'E20.B%E20.8))

002100

002120
002139
002140
002150
002160
002170
002180
002190
002200
002210
002220
002230
002240
002250
002260
002270

8833,

002300
002310




000003
000003
000003
000003

000003
00000°
000003
000004
000011
000020
000024
000024
000032

888832

000043
000047
000053
000056
000060
000061
00006

000067
88887¢
000043
000073

000073
000073

OQOOOO0OONOOOONO

10
20

3
4

So

60

70
75

80

L

SURROUTINE CONVRX (N1}
ocToBER 1970

AFTER EACH ITERATION OF THE ALGORITHM TO LOCATE THE MINIMUM OF THE
PENALTY FUNCTION, cONVRG DETERMINES IF THE CURRENT POINT 1S CLOSE
ENOUGH TO THE POINT GIVING THE MINIMUM VALUE OF THE P FUNCTION.

N1 SET EQual TO y IF MINIMUM WaS BeEN FOuNp,

N1 SET EQUAL To 2 IF MINIMUM HAS NOT BEEN FOUNO ANO TIME 1S NOT uP

N1 SET EQUAL TO 3 OTHERWISE

00TT SET EQUAL TO (DEL P)(INVERSE(?SL(?SL P))) (QEL P) IN OPT

COMMON/SHARES/X(100)y op| (100), 2 (1004100) snyps MNonPLonNm]

COMMON /OPTNSS/NT1oNT2 sNTIaNTHINTSyNTOINTTINTBINTIONTIY

°8"”8N /VALUES/FeGIPOsRSTIGMAY RJY(200) s ano

cRMM /CRSTS/0FELX (100) s DELX0¢100), RHOIN,RATIO, EPSI, THETAOQ,

S]G1’ 61° X1 0)® X2(100)® X3 0)*® XR2( )* XRy(100)°* PRy*

2 PRE,ply Fl, RJl(ébB)v DOTTs PGRAo([bs)' o]AG(IBB).

3 PREV3sADELXs NTCTRe NUMINTs NPHASE s NSlTss

COMMON/EXPOFX / NEXOPle NEXOPZ2s XgPly XEP

CYMBON /TSWS/NSWW

Né¢s=

1F (MN. '1 Ql:po

GO TO (&5'2.030)0 NTO

15 (ABS(0TT) 4 TeePST) GO TO 70
GY TO a0

1F

taBs {o0TT) (LT, (P1=PO) /5,0 GO TO 70
GO To &0
IF (ADELX.LI<EPSI) GO TO 7p
GO 10 (50,60), NSww
IF (MNoLEe1) RETURN
1F (Po.xEP2 ,LT, 1) 60 70 75

GO TOo 70
CALL PUNCHS
Iqlipllliilﬂl
nNla

FOUNO THE MINIMUM TO THE SUBPROBLEM®
RETURN

N]l=1

o}.po

ReTURN

FORMAT (1poH APPARENTLY ROUNOOFF ERRORS PREVENT A MORE ACCURATE DNE
1TERMINATION OF THE MINIMUM OF THIS SUBPROBLEM.)

FORMAT (‘BHO"” TIME 1S UPs CALLING EXIT FROM CONVRG, ®®ee)
ENO

29

002330
002340
002350
002360

00838
002390

002400

002410
002420

882520
2530
oozgfo
00255¢
002560
002570
002550

8822288
002619
002620

002640

002679
002680

002690
002700

882118
002730
002740
082750
508768
00278p




000003
000003
000003
00000

00000

000011
000012
000014
000015
000017
000022
000024
000027

000032
000042
000043

000044

C
C
C
C
c
c

10

20

30

SURROUTINE DIFFIS(IN)

FEBUARY 1971

DIFF1 COMPUTES THE FIRST DERIVATIVES RY NUMERICAL DIFFERENCING,

~<USER CAN CALL FOR DIFFERENCING OF SELFCTED FUNCTIONS
COMMON/SHARES/X(100) ¢ ppL (100)s 4(1004100) 4nyMe MNoNPLoNMI

C8MM8N/EXPOPX / NEXOPls NEXOP2s XgPl, XEP2
cUMM N

7 STIRXS,xSTR( 100 )
00 19 J=)1N
XSTRJ) =X ()
08 30 J:lo,d
IF (J.EQ,1) GO TO 2p
JMl:f-l
X (gml)=xgTR(UM1)
X () eXSTR(y) +XgP!
CALL RESTNX (IN#222)
X(J):XSTR(J)-XEPI
caLL RESTNx (1 ;%1)
DEL‘J’*‘ZZZ'ZZ]‘ J*XEPY)
X (N)=XSTR{N)
RETURN
END

xSSS¢ 100), ONLL (100)

30

002800
002810
002520
0028230
002g40
002850

002890
002900
002910
203030
002940

002979

002990
003000
003010

003020




000003
000003
000003
000003
000005

888814

000014
000015
000017
000022
000023
000026
000032
000035

000026
0000°1

000057
000061
000062

000063

[aNeEaRaNal

10

20

30

50

SURROUTINE DIFF2S(1IN)

OCTOBER 1970

NIFF2 COMPUTES THE SECONN DERIVATIVES BY NUMER1CAL DIFFERENCING,

COMMON/SHARES/X (100) s OEL(100)s AC100+100) yNoMs MNyNP] o NM]
COMMON/EXPOPX 7 NgXOPl, NgXOP2, xgPl, xgp2
COMMON/ STIRXS/XSTR( 100 ) o+ XsSS( 100)» pppL (100)

DQ 10 y=leN
gss(d)=X(J)
DO So J=1°N

(Jo?Q .1y go 1o 20

X(JMf)'xSSS(JMl)
X(J):XSSS(J).XFpl
CALS G S(lN)

DULL(I)=OEL(I)

X (J)exSSS (J)-xeP1

CALL GRAD)S(IN)

DO 4o I=JeN

Aéd )t(oDLL(l)'DEL([))/(2.°XEPI)
TN

x(N’=XSSs(N’

RETURN
ENO

31

003040
003050
003060
003070
003050

003129
003130
863128
003140

003140
003190

003200
003210
003220

053389
003260
003270
003280
003290




000002
000002
000002
000002
000002

000002
000002
000003
000005
00000

00001

000014
000016
000017
000020

000024
000026
000030

0
886038
000040
000047

888822

000066
000070
000071

888873

890908
000106
888113
sortie
000127
0
860133
000140
000144

.
000155

000156
000157

SURROUTINE ESTIMS

OCTOBER 1970

[ XeXe]

C ESTIM PERFORMS THE COMPUTATIONS TO ESTIMATE THE LAGRANGE MULTIPLIERS
C AND MAKE THE FIRST= AND SECOND=ORDER ESTIMATES OF THE FINAL SOLUTION

¢ OF THE PROBLgM.

COMMON/SHARES/X1100) 4 gL (100)y 4(1005100) ynyMe MNINPLoNME

COMMON /EQALS/Me H1le MZ

CouMoN /opr~55/~11.HTZ.gT3.~T‘-NT5.~T°
cOMM 16MA, Ry(200),

N /VALUES,F,G,F0,R

oHLSoNTB'NT9vNT10

COMMON/CRSTS/OELX(}88)' DELX%(]oo)' RHOINYRATIO® EPSI® THETAQ®

1 Rséslc 6ly x1¢100), x2(1
2 pp
3 PrRev3,apeLry NTcTR, NUMINg,
COMMON/CONPAX / NF1? NF2YNF3
CALL STORES
Z10=RATIQe®e2
19sRAT 10
2111.0/1901.0/110
72e71e1,/79%#3
23al, /29903
Z‘-110029
55.19003
62100/((210=140)8(29=140))
Z71s14/29
Z8s1e/(29=1¢)
RQO=]¢0/RNHO
IF _(NUMIN]=3) 154980910
I!IIIIIEIIII!FI#E&H!
POs (PRZ=7¥#PR1.+254p1) 076
G (RaT104G1=GR1) / (RATIV 1 )
DO 20 I'i'N
20 X ([ =(xR2(])=Z4%xrY(1)e258x1 (1)) 026
NPeNPHASE
NPMASE 4
CALL EVALUS
NPHASE=NP
CALL OUTPUX (2)
C CHECK TO SEE IF ESTIMATES HAVE CONVERGED
GO YO (70930970)s NPHASE
30 00 50 yslom
IF iRJ(J)) QOzS?’SO
40 1IF (THETAQeRJLU' ) To*50+50
50 CONTINUE
GO TO (T7ge7096Q)s NT4
6o CALL FINALS(NF)

70 ONTINU
80 WRITE (64340
s (RAT] OG_;GRX)/(R‘TIO-l.)

Os(Z9% }=" -1)4Z8
DO 90 I=)1,4N
90 X(T)=(29#x1(1)=XR1(1))%28
NPaNPHASE
NPHASE .4
CALL EVALUS
NPHASE =NP

32

0), x3(100), xr2(100), xgrl(100), pRrl,
oPly Fly Rdl(zoox. gort. ngRAg(loaéxToghe(loo)o
U HASE » 1

10 CONTINUE

80 CONTINUE

003310
003320

003330
003340

883328

003470
003480
003400
003530
003510
003529
003530
003540
003550
003560
003570

00358¢

003690
003610

883638
00364
003650
003670
003690
003785
003720

3
88374
003750

003770
003800

003790
003810

003820
00 850
003840
003860




000161

000162
000171
000173

000175
000200

000203
000212
000214
000214
000220
000222

888535

000232
000234
go08at
000252
000254
888362
000263
000266

28 275
277
000310
000312
000313
000314
00031s
000%7
000321
000324
05035t
000336
000343

000344
38832t

000344

CALL OUTpUX (2)
C CHECK TO SEE IF ESTIMATES HAVE CONVERGED
GO TO (14001000140)s NPHASE

140°120°120

100 00 120 g=1+M
1F (Ru(Jyy 110,120,120
110 IF (RJ{J) «THETAQ)
120 cONTINUE
GO TO (1409130+140)s NT4
139 CALL FINALS(NF2)
140 CONTINUE
(150 WRITE ? »350) |
15 (M) 0,160
160 lzo J-} ™ )
7 RJ(J) =RHQ RJ
]88 1F (M2) 21 éfﬂ y 190
190 pg 200 Jslvﬂz
MNU M, J
5?0 RJ(MNJ)- tl(MNJ)ORQ
0 68 (2 o. 0)s NTZ
220 30 1
230 x‘l =RMO x1(1)

2640 CALL OUuTePUX (2)
CALL REJECX
IF (NUMINI=2) 280

250
c
26
27
280

290
00

10
320

C
330

0 70
€cOnNg
oo 270

bX(I"Z

=pR1

93009250

(280, 10.860). NTT7

ORpeR
I=

RZ:GRI

Pnlspl
GRlzgl
po 299

Ill.N

52(1)-xg1(1)
XFlrey=sX1¢1)

RETURN
60 10
0o 320

(2809310431
I1=1lsN

FOR NgxT MINpMUM

1'x1(1)-22-xn1(1)oz3-xn?(1)

0)e NT7

DELX (Iy=(X) (1)=XR1(1))e27
GO TO 28p

FORMAT
FORMAT
FORMAT
ENO

(/26H0

( H
VL

2ND ORDER ESTIMATES )
1ST ORDER ESTIMATES )

GRANGE MULTIPLIgRS

33

150 CONTINUE

)

00340
003890
003900
003910
003920
003930
003940

003960

00398
003990

§82808

004020
004030
004040
004050
004060
004070

04100
0*110
004120
88e138
004150
004140
004140
00‘180
006190
00 200
004210
08‘;20
0 0
ootzio
004250
004260

004270
006280

884538

004310




000002
000002
000002
000002
000002

888385

000004
00000¢
00000g

000016

000024
000026

888828
000041
000043

000045
000047

000052
000052

888823
000057
000064

888855

000073
000076

0000

000138
000105
000112

000113

SUBROUTINE EVALUS

OCTOBER 1970

OO0 OO0

THE VIOCATED cONSTRAINTS IN LOCATION F.
COMMON/SHARES/X(100)y gL (100)y A(1004100)¢NyMy MNyNP1,yNMI

COMMON ZEQALS/Hy W1y MZ
c MMSN /BSThSS/NTl.hTz,NT3.NTQ.NTS,NTG.N17,NT5,NT9,N710
COMMON /VALUES/F,GsPOsRSIGMAs RU(200)s RHO

COMMON/CRSTS/DELX{100)s O LXO(lOO)s(RZO}N!RQEI?a EPS§!17T%T:O'
100)s XRE(100)s XR1(100)y PRl

1 RS1Gle glo X1¢100)s X2(10Q)s X
2 PrR2,P1, F1, Rul(200), 0977, PGRa0(100), OIAG(100),
3 PREV3'AQELX® NTCTRY NUMINI® NPHASE® NSATIS

H20,0

RSBGMA-O'O

F= .0

NSAT1S=2

G? 10 (10,100,1450,200,, NPHASE

= ASIBILITY

£2 ESRMAL

=3 GUESS

=4 ALL FUNCTIONS ARE TO BE EVALUATEQ
C FEASIBILITY

10 GO TO (20+40)y NT2

[ NON-NEGATIVIES INCLUOED

20 oY 3 N

s MeNeXe

0 If}'
1IF Ixtp)) 260026030
28 RSIGMABRSIGMA=RHO®ALOG (X (1))
1F (M.EQIO) G0 To 90
00 8" ysi.M
CALL R%STNX (JeRJLI)
1F Ryl () oLE.0.0) §° 10 S0
IF (RJ(J),67,0,0) 69 70 69
C VIOLATION OF A PREVIOUSLY SATISFIED CONSTRAINT
GO TO 260
50 IF (RJI(J)«GTe0,0) GO TO T
¢ aLL VIOLATEO CONSTRAINTS appEQ INTO OBJECTIVE FUNCTION
FaF=RJ(J)
G0 To 80
60 RSIGMARRSIGMA=RHO®ALOG (RJ(J))
60 10 B0
¢ INOICATES SATISFACTION Of cONSTRapNT (}ORMORE,
70 NSATIS=]
RSIGMA®RS I GMA=RHO®ALOG(RJ(J))
80 CQNTINUE
90 C8NTINUE
C EQUALITIES NOT COMPUTEO IN FEASe PHASE
PO=p+RSIGMA
GRF=RHQ*FLOAT (M)
IF (NTZ.gQ,%) GmG~RHO®FLOAT(N)
RETURN
¢ ReGULAR PHASE
100 GO TO (110°130)° NT2
C NON NEGATIVITIES INCLUOEO

34

IN THE NORMAL PHASE EVALU CALLS THE USER™SUPPLIEO ROUTINES TO EVALUATE
THE ORJECTIVE FUNCTION ANO THE CONSTRAINT FUNCTIONS AT THE CURRENT
POINT, IN THE FEASIBILITY PHASE THIS ROUTINE PUTS THE NEGATIVE SUM OF

004330
004340
004350
004360
004370

004380
00‘390

8 44g
44
004580
004510
004520
004539
004540
886558
456
00‘570
004580
002290
004600
004610

882638

00440

004669
006670
006680
004690

882798
883748
004740
002730
004760
884740
004799
004800
004810
00‘820
00‘330
004840
00485
004860

883528




000121
000123
000125
000135

888138

000142
000144
000151

000154
0001§t
000156
000160

000162
0001¢4

000166
000171
888172

75
000147
000201
000205
000204

000214

000215

00021¢

000216
000217
000221
000223

000226

ooozgo
000232
000234

888523
388345

000247
000247

110 DO 120 1z1,.N
IF (x(I)) €60,260,120
120 RSIGMAZRSIGMA=RHO#*ALOGIX (]))
130 1F (M,e9 0y 60 TO ;5¢
DO 140 JU=]°M
CALL RESTNX {(JsRO(IY))
AF (RJ(,)) 4LE,0,0) GO TO 260
SteMazRSTGMA=RHOWALOG (Ru(J))
140  CONTINUE
C EVALUAYE AND ADO IN EQUALITY CONSTRAINTS
150  CONTI1INUE
CALL RESTNX ( nsF)
IF (m2) 180,189,160
160 DO 170 151,M2
JE1eM
CALL RESTNX (JsRy(J))
C ADD INTO THIRD TERM OF P FUNCT10N
HzHe (RO () ) #e2
170 CONTINUE
HEH/RHO
Igo P°=R518MAoH
POxfpep
G=2, *H=RHO*FLOAT (M)
G=G*F
1F (NTZoEQ.l) GEG-RHO®FLOAT (N)
C nUAL VALUE
RETUR
C GUESS PHASE NOT CONEOD
190  RETURN
=== STRAIGHT FUNCTION EVALUATION ( MATNeFEAS ONLY)
00  CONTINUE
1F (M.EQ,0) GO TO 220
Do 210 pel,m
CALL RESTNX (I+RJ(IN)
210  CONTINUE
220 caLL ReSTNx (g,F,
C EQUAL1TY CONSTRAINTS
1F (MZ) 25002504230
235 po 249 1s21l,m2
KZaMel
geo CALL RESTNX ( KZ'RU(k2))
25 RETURN
C CONSTRAINTS VIOLATED NOT SO BEFORE
260 NSAT]IS=)]
p0gl 0E35
RETURN
END

35

004890
004900
004910
004920
004930

00‘950
004960
004970

004980
004990

005010
005020
005030

005050
005060
005070
382858
005100
00g1l0
0051290
005130
005149
005150
005160
005170

882158
992899
005239

005250
005260
00°27g
005280
005300
005310
88532
533
005340
005350




000002
000002
00000
00000

000002
000003
000011
00001
00001
000016

888811

000024
000032

000033

888832
35
000041
000043
000045
000047
000051
000054
000055
000061
000062
000064
000066
000067
000090
oooo;z
000074
000077
000077

000103
000104

000105

000108
000105

000105

(e NaXe)

SUBROUTINE FEASS

OCTOBER 1970

C FEAS DETERMINES WHETHER THE STARTING POINT 1S FEASABLE. IF IT IS NOT,

C FEAS LOOKS FOR A FFASABLE ONE,

C AND CONTROL RETURNS TO MAIN,
COMMON/SHARES/X(IOO), OEL (100)y A(1000100),N,M, MN NP NM)
COMMON Z/OPTNSS/NT1oNT29NTIINTAINTSINTOEINTTINTBINTIINTLD

COMMON /VALVES/F4GyPgsRSIGMAY RJ(200)9 RHO
COMMON/CRSTS/DELX (100)s OELX0(100)s RHOINIRATIOs EPSIes THETAOS

10

20
30

4o

1 RS161, 61,

X1¢100), X2¢100), X3(10?),
2 PR29P1y F1°* RJ1(200’* OOTTs PGRAO(100’"

XRZiIOO
DIAG'100

3 PREV3sADELXs NTCTRy, NUMINIs NPHASEs NSATIS

NPHASE=1

6% 10 (19,50y, NT2
NF IX™1
00 30 I=],N

F (X(1)) 20+20+30
FIXe2

x (1)) ,EcpS
CONTINUE
GO TO (Sgsa0)s NFIX
NPHASE=
CALL EvALUS

C JUST GET ALL CONSTRAINTS EVALUATEO

g0
69

70
80

90
100

110

NPHASE=}

WRITE (6,13Y)

CALL OUTPUX 1

1F (M) 90,92,60

00 To 1=1l,m

IF (RJ(Iy)) 100,1004,70
CONTINUE

CALL TIMECS

[WRITE (691400 ]
G'OQO

CALL RESTNx ( 0,F)
CALL ouTpux '2)
RETURN

CALL BODYS

00 110 I=loM
IF (RY(1)) 320,120,110

C8NT NUE
GY TY gp

2

WRITE (64150

120 CONTINUE

C TO INDICATE TO MAIN TO START ON NEXT PRORLEM.

130

140
150

NPHASE'Z
60 T0 9

IF NONE EXISTSy A MESSAGE IS PRINTED

Js» XR1(100), PRy,
’

FORMAT (1H0e2X ,4BHMADE VIOLATED NON®NEGATIVITIES SLIGHTLY POSITIVE

1

FORMAT (Sly0eewesTHe FEASIBLE STARTING POINT TO BE USED IS e4s)

FORMAT
1ILL LOOK FOR DATA FOR NEXT PROBLEM,
ENo

36

)

(3XyB9HTHIS PROBLEM POSSESSES NO FEASIBLE STARTING POINTy W

005370
005380
005390
005400
005410
00°42¢

005500
005510
005520

00
ot
005550
iz
8
30585

005610
005620

005650
005669
005670
005680

005719

005740

00

008750
005789
005790

005810
002520
00530
005840
005850
005860
005870
005880
0058990
005900




000003
000003
000003
000003

000003

888812

000021
000025
000030
000040
000043
000046
000067
000055
000056

888859

000062

OO OO OO

10
20

40
So

60

7
8

SURRQOUTINE FINALS(N2)
OCTOBER 1970

FINAL CONTAINS THE TESTS USED TO DETERMINE WHETHFR A POINT SATISFIES
THE FINAL CONVERGENCE CRITERION CHOOSEN TO DETFRMINE 1F THE NLP
PHOBLEM HAS HEEN SOLVED.
N2 SET goual TO 1 1F CONVERGENCE CRITERION 1S SATISFIEOS
N2 SET gEQUAL TO 2 OTHERWISE,
COMMON/SHARES/X (100) 4 peL (100) s 2 (1004100) 4NoMs MNINPLoNM]
COMMON /oPTNSS/NTI.yraour3.uv“o~r sNTOONTTWNTBINTYINTIO
cOMMON ,va VES,F,G,P0,RS16MA, Ry (200}, RHO
COMMQN’CRSTS’DELx(l88f' 0ELX8(100)' RHOIN'RATI0? EPST* THETAQ®
1 rsygly gl x1 100y, x2(1
2 PR2,P1y Fly Rdl(?OO)o AR ﬁgnno(looxo ogAg(loo).
3 PRey3,apeELx, NrcTR, NuMiNI, NPHaSF, NsaT)
60 T0 (199200397 NTS
EPSILEABS(F/G=),)
IF {gPS1L=-TNETAO) 50,50,70
IF (ABS(RSIGMAY=THETAO) S50+50,70
1F (NUMINI_1) %0,40,40
PEST=PR1- (PRI-Po} /(1,1 . /KT (RATIOD)
EPSIL=ABS(PEST/G=1,)
1IF (EPS1L=-THETAOy 50,70,70
Nes1
6O 10 (Bg,60), NT6
CALL PUNCHS
GO T0 80
N2 =2
RETURN
END

37

0y, x3¢100y, xg2(100), xgI(100), pgl,

005920
005930

005940
0059%0
005640

005090
005910
005940

006070
885858
006100
006110
006120
006130
006140
006159
006160

006180
885388

006210




000003
000003
000003
000003
000003

000003
000011

888812

000024
000026

000031
000037
00004}
000044
0
sa808)
000061

000061
000063

000064
000065

000071
000072
000073

000076
000101

888184

000105

88819%
000113
000122
00012

000124
000125
000133
000136
000141

000144
000146

000155

SURROUTINE GRANS(IS)

OCTOBER I970

s Nele

C GRAD COMPUTES THE GRAQIENT OF THE PENALTY FUNCTION AND THE OUTER
€ PRODUCT FACTORS OF THE MATRIX OF SECONN PARTIALS OF P.
¢ IF (1S=1) pccUm, n{rnlx OF ?NB pgnrxehs BF(IS’Z’ OUNT
COMMON/SHARES /X (100) y pe (100y, 4 YoNoMe MNeNPToNM]
COMMON 7EQALS/He Hle M2
8 MeN /oprNss/er.BTZoNT3-NT‘-NTS.N76.NT7.N19-N79-NTIO
|/ VALUES/F,G,Po, RSIGHA, RJ(200), RHO
c0MMoN CRSTS OELX! ) OgLXpt100)® RHOIN®RATIO® EPSI® THETAQ®
17rs ? 188). X (186).°x1(1 00y, xnz(? 00, xn1(15°)- PRIy
2 PR .51. rx- RJ1(200)| DOTTe PGRAD(100) s OTAG(100) ¢
3 PREV34AQELXs NTCTRs NUMINIs NPHASEs NSATIS
GQ To (10+30)s 15

1o DY 2n Ias1,N
Do 20 Jy=31°1I

20 A(I-J)to.

3p zslepn

40 oEon 1,,0
¢ THIS SECTION WORKS CORRECTLY IN FEASIRILITY PHASF AS WELL AS NORMaAL PH
GO TO (5098Y)s NT2
5o oo To LN o
0ELX0 (1) 2mRHO /x(l)
GO TO (69°*To)* IS
0 A(TsD) = (=0ELXg(I) /X (1))
0 CQNT INVE
80 c8Nr1Nue
1IF (M,LE.0’ GO TO I8¢
00 170 K=l M
CALL GRAQIS(K
13 (RJ(K).Glob.o) Go To 110
C ALL VIOLATEQO CONSTRAINT GRAOS AOQEQ TO OBJe FUNCTION
po 100 1=I,N
IF (DEL(7)) 904100490
90 OELXO0(I)=0ELX0(I)=0EL(I)
100 CONTINUE
GO 70 170
110 TT!RHO/RJ{K)
1= 1 20,160,12
r (DEL ( ns160,
cIF oéL(IL 5 § P aLL THE F8LL°wING COMPUTATION INyOLVING 4 By OEL (I,
120 T=TT OEL(I)
DELXO (1) =pgt x? (1)-7
G0 To i 9 & )v
130 Tay ] (K) .
00 KNLAED
IF (OEL(4J)) 140,150,140
140 A(TyJJ)=A(lyJJ) «TROEL (JI)
150 CONTINUE
160  CONTINUE
170  CONTINUE
C EQUALITY CHANGES FOR GRAD
180  IF (MZ.LE,O) GO _TO 250
60 To (250,%90,250), NpuASE
190 RQ=2,/RHO

38

006230
006240
006250
006260
006270
00g2g0

006379
006380
886398
640
006419
006420
ogabao
Dobel
006460
006470
8
006230
006500

006510
006520

006540
00550
006560
006379
006580
006590
006600
835618
00663
006640
8 665

666
006670
006680
006690
006700
006710
006720
006730
006740
006750
006760
006770
006789




000157
000161
888162
ooole6T
000171

000172
000195

000?93
000206
184381
000”16
000221
000224
ooozgg

0002
000”36

000246

000

000557
000263
000264

999243
000295
888213
000702

000307
000307

200

210
229
230
240
250
26q
270
280

NO 240 J=1,4M2

K=M‘J

CALL GRAN]SI(K)

TT=RQ*RJ (K)

0O 239 1z1,N

IF (DEL(I) ,ER,0,0) GO TO 330
DELXn (1)=DELXQ (1) +DEL (1) *7T
GO TO (200,230y, 1S
T=RQ*NEL (1)

00 220 Jyzisl

IF (DEL(JJ!) 210%220°210
Al{TvJJ)=a(T9JJ) *T*NEL (JJ)
CONTINUE

CONTINUE

CONTINUE

GO TO (260+2R80) s 1S

Do 270 1=zl.N

NIAG{I)=A(1s1)

55 10 (290,330,290), NPHASE

C LEAVES NEGATIVE GRADIENT IN DELP

90
00
1o

320

330
34y

DO 300 I=1sN
DELXO (1) ==DELXN(])
ADELxXx=0,

DO 320 I®1eN
ADELX=ADELX*DELXQ (1) %%
ADELX=SQRT (ADELX)

RETURN
CALL GRAD]S{(0)
0o %48 I:qu
DELXO(I)=-0Lan(1)-ngL(z)

¢ LeaveS Twe Neg, GRan OF P 1N peLxo
GO TO 319
END

39

006790
006800

006820
006839
006840
006850
004860
006879
0068RO
8 6890

6900
006910
006920
006939
006940
006959
006960
006970
006980
006990
007000
007010
007020

7
007025
007060

007070
007080
007090
007100
007110




000003
00000
00000

000003
000003
000003
000003
000011
000012
000014
000015

888815

000021
000022
000030

888833
000035
000036
000041
000051
000054
000060
000064
000066

388858

000074
000076

888189

000102
000104
000107

000117
000122

SURROUTINE INVERX(NSME)

OCTOBER 1970

OO0

C INVERS SOLVES THE SET OF EQUATIONS FOR THE MOVE=VECTOK USING THE

¢ cROUT PROCEDUREs IF THE MATRIX IS NOT POSITIVE pDerFINITEs A DIFFERENT
C METHOD IS USED.
c

CeweePERFORMING A L=t} DECOMPOSITION OF THE MATRIX A, TAKING ADVANAGE OF
cHen®THE SYMMETRY OF THE A MATRIX.

CReve1c A NON=POSITIVE PIVOT cAug;DATE 1S GENERATEDs THEN MCCORMICKsS
C*##**PROCEDURE 1S USED(SEE PP. 68 IN FIACCO ANO MCCORMICK) e

c
Conen]F NSME ®) WORKING WITH A NEW A MATRIX® IF NSME® 2 USING PREVIOUS
ceenes MATRIXs RUT HAVE A NEW RIGHT=HAND=SIDE.

c

CoueeNINy 1S THE NUMReR OfF NON_POSITIVE PIvOT CcANDIDATES GENERATED,
COMMON/SHARES/x {1007 DEL (1007 A(100°100) *N*M® MN'NP]ONM]
COMMON /OPTNSS/NT1oNT29NT3eNT4aNTSyNTEosNT79yNTRINT9INT] 0
COMMON/CRSTS/DELX(100) s OFELX0(300)s RHOINJRATIOs EPSIs THETAOS
1 RS1G1, 61, x1¢100)y x2(¢(100), x3(10Q), xﬂziloo;. xR1¢100), PR},
2 PR29P1* F1* RU1'200's DOTT* PGRAD ‘100’ DIAG{100
3 PREVasADELXs NTCTRy, NUMINIy NPHASEs NSATIS
COMMRN/EXPOVX / NEXOPls NgXOP2s XgPly XEP2
DIMENSIUN B{109)
EQUIVALENCE {BsDELX]
GO TO(20y 1701, NSME

20 NINV=0

IF (A(lel)) 40,30,50
3 NINVE)

GO TO 70

NINVs
1N IS T TN

bo o 122N

60 ArlyI)=sA(l,1)#a(1,])
70 DO 16p J=2°*N
JM =)
T=Y,
00 90 p=l, M}
1IF (A(1vg)) 80,90+80
80 TaTeA(Jo1)#A(I,J)
90 CONTINUE
AlJrJ)mA(Jed) =T
§F (A(J.J)) 1195100,120
INvaNINy
GO TO 179
l£8 NINV=NINYe)
Algeg)al Za(Us )
IE {JeEQ,N) GO To 170
JF1aJdel
00 1S9 L=JP1°N
e 1 1
Do 140 I=slyuM
JE, Atregn) 13041405130
130 aTsA(LyT)uA(1,J)
149  CONTINUE
AlLsJ)=A(LoJ) =T

100

40

007130
007140
007150
007160
009190
007189
007190
007200
00 0
007229
007230
007240
007250
0

N

007280

007360
007370
007380
oo;g9o
007400
007410
007420
887436
744
007450
007460
007479

887‘88
0075 0
007510
007520
007530
07
go7ggg
007560
007570
8 758
759
007600
007610
187638
763
007640
00765,
007660
007670
007680




000127
000136
000140
000142
00014
00014
000146
000147
000150
0n01g2
000153
000156
000164
0001
0001(‘;I
000177
000200
000202
000203
000205

888212

000221
000223
000231
000235
000250
000254
000767

000270
000 73
neo-7
000276

000302
000304

88838¢
88831

000313
00031¢
000317
000331
000334

000334
000335
000337
000344
000345

000347
000353

000357
000362

888371

150
160
170

180

190
200

219

838

A(JosL)zA(LoJ)®a (U )
CSNTINUE

CONTINUE

CONTINUE

IF (NINV) 18091R0¢29p
Bél)-e(l)on(l,l)

nY 210 Ja2,N

T=0,

JMISJ-I

no 200 r=1,yml

IF (A(geg)) 19042004190
TeTeh(JyI)eB (I
CONTINUE

BN (BN =T)*a (Y ))
C8NT1NUE

NYU 240 141,NM1

NMK=2N=]

00 230 Jelel

LENPl=y

IF (A(NMK,L)) 2204230,220
B (NMK) =B (NMK) «A (NMK*L) *8 (L)

CONTINUE
240  CONTINUE
250 GO TO (2809+260)s NT3
e50  WRITE (D,%*70)
WRTTE (6,%20) (DELXO(T) oIx1sN)
270  wRyTg (6,440)
WRITE (6,420) (DELX(1)e1=1oN)
280 RBTURN
Cew= CUMPYUTE ORTHOGONAL MOyg
290  CONTINUE
DO 350 II=]N
1=N=]1¢1
IF (A(Is1)) 310,300,320
300 Hit)=0.0
G0 To 350
30 B(D =1,
G0 TO 330
32 B({):oio
33 [Pi=]e
1F (1Pl.gTeN) o To 350
D0 340 jappten
34y HET =BIT) =A(Tv ) eB ()
3so  cORTNyg
GO TO 369
C=- CHECK MAYBE DO DIFF FOR P,S,De
360 2c2=0
Do 370 1=1onN
379  2C222C2+pELXO(T)*B(T)
IF (2C2y 380,400,400
380 DO 390 I=1°*N
390  B(I)z=H(1)
400  wpyTE (6,450,
C MCC ZANGerb ONE MOD
IF (NExUP2 NE,2) 6O TO 259
DO 610 K=] SN
410 H(K)=B(K)+DELXA(K)

GO To 250

41

260 CONTINUE

270 CONTINUE

007690
007700
007710
007720
007730
007749
007750
007760
007770
0077g0
007799
007800
007810
007820
007839
007840
007859
007g40
007870
007880
8 7808
790
007910
007920

007970
007980
007990
008000
008010
008020

008030
00g040

885828
883858
00g0q0
003180
008119
008120
008130
83128
00g1¢0
008179
008180

008190
008200

008220
008230
008240

Ba3es




000137
0003,
00037
000371
000371

420
430

44,
450

FORMAT (7E17.8)

FORMAT (140,6x,120c) p y
FORMAT (1404 6X4244SECOND
FORMAT (1H0,6X,15HORTHOGO

END

ECTOR)
ORDER _MOVE VECTOR)
NaL MOyg,

42

00R270
008280
008290
008399
008310
008329



000002
000002
000002

000002
000003
000004

888888
000013
000011
000016
000017
go 021

00025

888832

000030
000031
000032
000036
00003

000043
000042

000043
000050

000021
0000%0
000062
000063
000064

§888c¢

oooavg
00007

000075
000101
000102

00010
00010
000111
000112

il

SUBRQUTINE OPTS

MARCH 1971

o000

C OPT LOOKS FOR A MINIMUM ALONG THE SEARCH VECTOR USING THE GOLOEN
C SECTION SEARCH METHOD.
COMMON/SHARES/X(100), QgL (100)s 2(1005100) ¢NyMs MNsNP1yNM]
CQMM /VA#DES/rchPOcRSIGMAo RJ(200) RKO
cYMMON,cRS S/DELXsloo;. OELX0(100,, RHOIN RAT)0, £PS1, THETAo,
1 RS161°* G1° x1t1007* x2000' x30100* xR2(100'° XR1 (100} PRY®
3 PR24P1s Fls RJ1(200)s DOTTs PGRAQ(100)» DIAG(100)
PREV3IsAQELXs NTCTRs NUMIN]® NPHASEs NSAT]S
hsw-l
405g1
P31=2P0
1SW=
pOTT=0,
00 10 yal,N
1o DOTTIogTT‘oELX(J)'DELXO(J)

6Q To *0
20 08 30 }.1."
30 OELX {1)=aDELX (1!
40 CONTINUE
N4ga=gQ
MNsMNe+ 1
C MN IS NOW NUMB, OF POINTS AFTER MIN aACHIEVEO
NTCTR=NTCTRe]

08 50 1al,N

So Xe(pymxty)

{1ig*t
N401g0

60 N401lgpne01,1

oo 70 L-I.N
To X(1)=Xe (1) «0EL X (1)

CALL EVALUS
C 1 MEANS SATIS*OF CONSTRAINT NTePREVe 2MEANS NOCHANGE 3IMEANS VIOLATION
C 1F POINT 1S NOT FEASIBLE GIVE IT aN ARBRITRARILY HIGH VALUE

GO TO (540,909580)9 NSATIS

80 x2=10,g35
=10,E35
60 T0 100
9 CONTINUE
PX2=Pg

If (pPxlepx2) 100,100,150
100 IF (n%01.2) 139,110,110
110 D0 120 y=l,N
120 x1¢IyaX(I)
P1=Px2
GO TO 430
C ONLY ONE POINT SO FAR COMPUTED
130 0Q 140 %-lcN
1% (1)=Xe(1)
BR5\113.51(1l
GO TO 180
150 09 160 1=19N
x3(pyex2(q)
x2(1)yax())

43

it

008340
008350

008360
008370

008380

00845
008460
008470

§8geo8
00, 8o
008210
008529
008530

8
BBg5s0
§geses
ggggZo
008589
86
i
008830

008650
008669

008680

008690
00gy00

008710
008720
008730
008740
THA)
876
008770
008780
008790
008800
008810
008830
ooggio
008850
008860

889




000120
000124
00012¢
000129

000127
000131
000132
000134
000140
000141
000143
000150
000153
000154

888152

0001¢g
0001452
000174
000203
000205
000213

000214
00021¢
000217

506333
888332

000227

000231
88 231

232
000234
000235

000244
000245

888322
$6
0002g7
000241
000263
000264
000267

888378
000301

000301
000306

160

DELX(I)=1,61R03399NELX(])
PrREVIzPX]

pPxlzpx2

Go 1o 690

C GULDEN SECTION SEARCH METHOD.
g g VECTOR GOgS 70 x1(I)
7

1g0
190

200

g1

C THERE 1S NO REFERENCE TO 2119 THE ABOVE STATEMENT IS A DUMMY STATEMENT

8 EASIRLE PSINT EXISTo IF NOT TRY MOVING ON DELXOs
SS M ON neLx? THEN we MUST BE AT &

c=-11 1S PoSSla

p0=l.536
N4OazNaOg, ]
00 190 1=z1,N
X1 =xiy)
pl-éo

DO 200 I=1,N

x(I):.38196601'(X1(I)-X3(l))oxa(l)
2en=x(p

CALL EVALUS

GO TO (540427042109 NSATIS

IF (N&04,LTo30) GO TO 170

CONTINUE

Ce- IF IT IS NG IBLE T
C-= SOLUTION OF NLP PROBLEM,
IF (N&D6 _GT.100) GO TO 240
220 DO 230 Ial.N
1F (ABS (ABS(X3(1) /X1 (1)) =1e)eGTo1.E=7) GO TO 170
230 NT INUE
260 GO TO (2509260 N&gS
250 N4nS=2
c==TRY TO MOVE ON GRAQIENT.
NTCTR=NTCTR=1
MNzMNe]
G0 10 20
260  WRITE (6,580)] 260 CONTINUE
CALL TIMECS
CALL OUTPUXI(])
CALL REJECH
STOP 22042
c
270 CONTINUE
N4O4us=
pxlzp
0 2q0 s
28¢ 1)=0, 8196601~(x1(1)-x2(1>).xZ(I)
anL EVALUS
GO TO (540429042207 NSATIS
=
290 PIgite
300 p\e015,401,1
IF (NAOI-ZS) 350.310.310
310 KSH:Z
IF (Ne0l_40) 320,460,460
320 DO 330 I=1°'N
IF (ABS(X2(1)/X(1)=1,0)4GE«14E=T) GO TO 340
330 CONTINUE
GO YO 46p
340

IF (ABS(PX;/PX;O o .LE I.E 7) GO TO 4690

IF (Pxlepx 460

C FROM LEFTORIGHT x3(1>(pnev3)x2(1>(px1)x(1)px2 x1(1npl

44

008900
008910
00“920
008930
008949
008950
008940
008970
00q9q0
008999
009000
009010
oo9ogo
009030

009050
883848
009071
009080
009090
009100
009110
009120
009139
009140
009150
883158
009130
009140
009200

009250
009260
009270

889238
0093 0
009310

009330
8936
009360
009370
00938
009390
009400
009410
009650
009430

009440
009450
009469




000310
000312

000316
000317

000321

000330
000331
000340
000340

000342
000343
000344
000346
000347
000353

0003g3
000756

000360
88 362
365
0003
000373
000372
000401
000402
000411

388413

000‘13
00041

000417
000422
000424
000425
000433
000441
000647
000452

000453

000453
000454

B82S
bootss

000666
000471
000472

35S0 DU 360 IxI,N
360 x1try=xtp)
C THROW aAWAY RIGHT PART
Pl=PXx2
D0 370 1al,N
C POINTXP) BgCOMES> XP2
370 X(I)=,381962014(X1(T1=X3(I))ex3(])
C TEMPORARILY IN X STORAGE
CALL EVALUS
GO TO (S540+3B0+s170)s NSATIS
380 CONTINUE
PXp=PX]
¢ SWITcH VECTORS TO PROPER POSITION
PXI:PS
D0 390 1=I,N
XX=x2(71)
x2¢(Dax(Iy
399 x(1)=xx
G0 To 300
C LEFT SIDE TOSSED AwaAY
C== CHANGES FOR NUNUNIMODAL FN
C=-=- GO TO THROW aWAY RIGHT IN THIS CASEINIT VAL LT FIB PT
400 IF (pngva =PX2) 350,350,410
410 oo 420 1x1,.nN

=X2 1y
420 ;sx(r’
§v3-PX1
430 0 6¢ 5
449 )20, 8196601~(x1(1)-x?(1)).x?(1)
CA L EVALUS

GO TO (5404450,170)s NSATIS
450 CONT INUE

Px2=Pg

60 To 300

¢ THE INTERIOR POINTS NOH GIVE gQUAL VALUE FOR P, COMPUTE MIDPOINT,

460 DO 470 I=I4N
OELXO0(I)=X(TI)
X(I)= (OELX0(I)ax2¢1))®0,S
4709  CONTINUE
CALL Evatpus
GO TO (480+490)s KSW
489 15 (ABS(PO/PX1=1,) GT41,6=7) GO To 520
490 TO (500,510), ISw
So0 IF (Po.LT.P3I) GO TO S1o0
I1Sw=2
¢ IF P=- FUNCTION pIoNsT GO OOWN TRY NgG VECT.

510 gETUaN
20 DO 530 I=IsN
S39 X(I)=DELXo(D)

GO To 584
C ARE WE NOW IN FEASIBILITY PHaSE
540 DO 550 I=l,M

IF (Ryt1)) 560,560,550
55¢ CgNTINUE

aT 1 3‘
RE TURN
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009470
0094R0
009490
009500
009510
009520
009520
009540

009560
009570
8 958
959
8 9600
9610
009629
009630
009640
009650
009660
009670
009680
009690
009700
009710

i
003750
009769

009780
008790
885088
009820
009520
0098%¢
009850
009860

0098R0
009899
009900
Hdt
009930
009949
009950
009960
8 997

998
009990
010000
oloolo
010020
010030
010040




000492
000493
000475

000501

000501
000501

e

c -
560

570

G
580

PROBLEM HAS HECOME FFASIBLE

P = FUNCTION CHANGES 1F A CONSTRAINT RECOMES FEASIBLE

Mn=0
00 570 12l,m

RJl(1)=Ry(])
RETu&N J

FORMAT ( goH NPT CAN#T FIND A FFASIRLFE POINT,THAT GIVES A LOWFR V

1ALUE OF THE P=FUNCTION.
END

)

46

010050
0100g0
010040
0100g0
010090
010100
010110
010120

stots




00000
00000
000003
000003
000003

000003
00000sg

000013
000017

888833

000066
000072
000101
000105
000170
000122
000135

000136
000136

000136

0001]13¢
000136
000136

88813¢

SUBRQUTINE QUTPUX (K)

OCTOBER 1970

OO0

€ OUTPUT PRINTS OUT TNFORMATION ON THE RESULTS OF FACH ITERATION AND THE
C SOLUTION ESTIMATES AND THE ESTIMATES OF THE LAGRANGE MULTIPL1ERS
COMMON/SHARES/X(100)y DEL(100}y A(100°100) sNsMs MNyNP]yNM]
CQMMON /EQAhS/H' Hly M2
cUMMON ,DPtNSS N1y NT2,NT3,NT4,NT5, NT6 NT7,NTR,NT9,NT ¢
CUMMON /VALUES/F 4G4POyRSI1GMA, RJ(200)s RHO
COMMON/CRSTS/DELX()100)» OELX0(100)s RHOINyRATIO» EPS1y THETAQ»
1 gslgl. Gl x1¢100)y X2(100)s X3(100)y XR2(100}s XR1(100), PRI,
2 PR2,P1, F1, Ry1(200), POTT, PGRAO(100;, DIAG(100),
3 PREV3I'ADELX® NTCTR® NUMINI® NPHASE® NSATIS
NZsMeMZ
60 To (10,20,
10 WRITE (6,6
wRITE (6,70) NTCTR,pOTT RO, apELx,NPHASE
20 WRITE (6'88) FIPg*G*RSIGMATH
WRITE (6,90) (x(p)sgmlen)
WRITE (5,110
Vv iao.ao;. Nt2

30 WRITE '6+120
WRITE é60100) (RU(1) 9 T=19N2)
To 70

G
40 NSITE (6,100) (Ru(1),1a1,N2)
S0 RETURN

c

60 FORMAT (S0HO®0a0anctnscnatasstatensatadiatsntsesnnsnstosnns )

70 FORMAT (lgx.enpoer-Iaoex.eH NOTTEE154716X94HRHORE 1547 96X ) GHMAGN]
1TUNE=E15,7,2%,6HPHASER] 2)

80 FORMAT (ax.gHF.E15.7.5x.2np-515.7.5x.ZHG.E15.7.5x.7HFS1GMA.E15.7.5

1X?2HHRE]LS, 7"
90 FORMAT (6X+2SHTHE CURRENT VALUE OF X 1S/ (6€20,7))
199 FQRMAT (6g€0.T)
110 FURMaT iex,ZIHTHE CONSTRAINT vALUES)
120 FORMAT !28X?34MNOT INCLUDING THE NON-NEGATIVITIES’
END

010160
010170
010180
010190
010200

818388

010310
010320

818338

01035
010360
010370
010380
0109990
010400
010410

010420
010430

010

010450
010460
P
010499

010S00
010510

SUBROUTINE OQUTPUX (K)
9999  CONTINUE

RETURN

END
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000002
000002
000002

00000
00000

000002
000003

000004
000012
000014
000024

000033
000034
000036
000040

000042
000047

888823

0000g¢
000056
000060
000067
000071

888953
000101
000103
000105
00011}
000113
000120
000121

SUBROUTINE PEVALX

OCTOBER 1970

OO0

C PEVALU COMPUTES THE VALUE OF THE PENALTY FUNCTION ANO THE VALUE OF THE
C DUAL USING PREVIOUSLY COMPUTEQ VALUES FOR Fs AND RJe
c8 8N/snln55/x(100). OEL(100)s A(1009100)sNoMs MNINPLloNM]
/EQALS /1y H1, Mz
c0uu0~ /0PTNSS/NT] *NT2*NT3IONT4ONTSINTEINTTINTR'NTI*NT ]
COMMON /VALUES/F+GsPosRS1GMAs RJ(200) ¢ RHO
COMMON/CRSTS/0ELX (100)s OELX0(100)+ RHOINIRAT]1O0s EPS1s THETAOS
1 RS161, G1, xl(IO?). X2(100), X3(10?). xR2 loo;. xR1(100y, PRI,
2 PR2+P1* F1* Ry11200% 00TT* PGRAO(100) OIAG 100
3 PREV3AQELXs NTCTRy NUMINly NPHASEs NSATI1S
HE20e0
RS1G6MA20,0
C NONNEGS 1F INCLUDED ARE AODEO TO Pe-ARE POS, IN ALL PHASES
GO TO (10,430)y NT2
10 00 20 121N
20 RS1GMARS1G6MA-RHO#ALOG (x (1))
30 GO TO (49*50°150) ' NPHASE
C OSJEchV% FUNCTION = S1GMA V10L. CONSTSe
t 3
5° ir (M) 100,100,460
60 00 %0 Jll|M
1IF (RJ(Jyy 80,80, 70
70 RSIGMA-RSIGMA-RHO *ALOG(RJ(I))

G0 TO 90
ee FeFeRJ(J)

CONT1INUE
c EQUALITIES NOT AOOED 1IN FEAS. PHASE
10 CONTINUE

1F (MZ) 1409140
110 GO Tg (140,120,1 o). NPHASE
120 00 190 1=14mMZ
KaM,1
130 HsHeRJ(K}®**2
HE=H/RHO
140 HSCHORSIGMA
PO=pens
HMS=2, .H.RHO.fLOAT(”)
Gl ‘N
T2,69,1) G2GRHOWFLOAT (N,
150 RETURN
END

48

010540
010550
010560
010570
010550

010670
010680
010690
010700
010710
010720

818738

010750
010740
0lo77¢
010780

10790
10g00

818328

010830
010g40
010850
0l086g
01087p
010880

818838
o0

0loglo
010920
010430
0lo94g
010950
010960
010970




000002
000002
000002
000002
000002

oogooz
000002
00008‘

000027
000030

000043

000073
000103
000113

000114

888112

000114

[slsNeNasNeNalel

c

c

10

58

SURRDUTINE PUNCHS
OCTOBER 1970

THIS SUBROUTINE PUNCHES THE STOPPING POINTS ANO ASSOCIATED PARAMETERS
SO THAT ANOTHER RUN MAY RE MADE STARTING WHERE THE CURRENT ONE
STOPPEQ
THIS ROUTINE IS CAL IF NTg=

cOMMoN/SHARES/X(&SS)o Defoab,, a(1004100) spngpe uNoNPLonm]

COMMON ZEQALS/He H19 MZ

cgnn8~ /OPTNSS/NTLoNT2oNT3oNTAoNTSeNTOINTTINTBINTIINT IO

MON ,vaLUES,F,G,P0 RSIGMA, Ry(200), RHO

COMMON/CRSTS/DELX (100)* OELXQ(100’* RHOIN*RATIO® EPSI® THETAQ®

1 RSI1Gly Gl X10100)s %X2(100)s X3(100)s XR2(100)s XR1(100)s PR

§ gnZ.plo Flo RdI(ZOO)o 0077 EERAO(IOO). 0IAG(100)

Revs,nong, TcTR, NuMiN1, NPHaSg, NSaTIS
COMMON/EXPOPX / NEXOP)Y NEXOP2* XEP)* XEP2
I=60,0

[WRITE (7,'7) ¢pS1sRHOITHETAUIRATIOSToMoNIMZ]
TMMAX 1S SET To S0« SECONDS
NT}23

|®"RITE (7,200 (X(1),I=1,N)]
SET HO OPTION SO THIS VALUE OF RHO WILL BE USE FOR THE RESTART,

WRITE (7+430) NTI NT2oNTIoNTAINTSyNTEINTT7oNTBINTGeNTID
WRITE (7420) XgPly XgP?

WRITE (7,30) NexoPloNgXOP2

RETURN

FORMAT (SE12°5,314)
FORMAT (?812.5)
FORMAT (3017

END

49

010990
011000

011010
011020

011030
011040

011050

011150

011170
011190

o0l1200

011240
011250
011260

811528

011240




000002
000002
000002
000002

000002
000004
000010
000012
000013
000017
000020

888823

000025
00002¢

000027

SUBROUTINE REJECX

OCTOBER 1970

OO0

C REJECT RETURNS THE STORED VALUES OF THE OBJECTIVE FUNCTION, THE
C CONSTRAINT FUNCTIONS AND TME PENALTY FUNETION TO THEIR NORMAL LOCATION
COMMON/SHARES/X(100)y DEL(100)s 2 (1009100) 9sNoMs MNINP1yNM]
COMMON /EQALS/He Hle MZ
cgnugn /VALUES/FoGIPOIRSIGMAs RJ(200) 0 Rno
cOMMON,cRSTS /0EL X 100} DELX0(100), RHOYN RATIO, EPS), THETAQ,
1 RS1G1* 6G1°* X1iloo » x2(100)* x3(100'° XR2(100)* XR1(100’* PRy*
PR2,P1y Fl9 RJ1(200)s DOTTs PGRAD(100) s D1AG(100)s
PREV34ADELXs NTCTRs NUMIN1s NPHASEs NSATES
D0 10 1=len
10 X(1)=x1(1)
MM?2xMeMZ
p0 20 y=1,mMm2
20 RJ(d)IRJl(J)
PosF1

RS1GMAzRSIG]
G=G

F‘I

H:;l

RETURN

END

50

011310
011320
011330
011340
011350

01143
011440
011450
011460
011479
011480
011490

811398

011520
011530

011540




000002
000002
000002
000002

000002

888813

000016
000020
000021
000022

000024
00002s

7
888833
000034
00003
000040
000042
§8885e
0000gs
0000g¢

000057
000062

000067
000071

000072
000073

000074
000075

000047
000100
000102

868183

000111
000113

888118
000122
000124
000130
000136

OO0 00

19
3o
40
50

70
80
g0
100

C
110
120
c

130
c

140

150

169

170

SUBRQUTINE RHOCOX
OCTOBER 1970

SUBROUTINE TO COMPUTE 1IN1TIAL RHO VALUE
CONTROLLEO BY COL. 7 ON_OPTION CARO
cOMMON/SHARES/X(lOO)o nEL(1°°)v A(1000100) yNoMe MNINPLyNM]
3 3" /OPTNSS/NTlvBTzoNT3oNT oNTSoNTboET7vNTa'N190NT10
N ,VaLUES,F,6,P0,RSIGMA, Ry (200,
COMMON/CRSTS/OFLX(188)' 0 Lx8(1oo)o RHOIN'RATIO' EPS1v THETAQ®
1 rs16le glo x1¢100y), x2¢100), x3(100), xR2(100), xm1(100), pRrl,
2 BR 'Ply Flo ndltzoo). 0orTY gRAO(loO). 0§AG(100)0
REV3, AQELX, NTcTR, NUMIN 1. HASE, N
60 T0 1130°50°10%190"* NTy
RHO=RHOIN
IF (RHO) 30,30 40
HOQ®=],
Bz?uau
NPAR1 *)
RHOIl.
2 MEANS  Rup WHIcH MINIMIZES GRADIENT MaGe.
calL GRA?S(C)
00 70
PGR‘B(l"OELXO(l’
RHO®
caLL GRA?S(Z)
00 &°
0E hx0(1)-osz0(1)-PenA0(1)
GNAO (1) aP6"A0 (1) <DELXO (1,
GO TO (90'130)° NPAR]
ootlal,
0072s0,
00 100 1sl,N
oor!-oOTlooLLXO(])'PgRAO(l)
oorz-oorzooEonté)-o
ao-Aastoor /007¢)
6

3 MEANS conpure RHO SO AS TO MINIM1ZE OEL P{/pDP/1,)DEL P
NPaAR2s1
NPAR‘IZ
USE OF AND OR SURROUTINE
GO TO 60
RHo.lc
ASSUME  S1GMa TERM 1S cONS10s GRTER THAN F TgRM
CALL SECORX (2)
00 140 181N
0ELX (1)=PGRA0 (1)
CAL& 6NVE§X (1)

xl(I)HOELX(l)
OELX (1) =0ELXO (1)
CALL SECORX ( )
cAL& suv:ax (
1s1,N
XRZ(B)-OELX(l)
60 70 (170,200), NPAR2
00T1%0,
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011560
021570
011580
011590
011600

0116890

811588
011710
011720
011730

7
811728
011y70

T8
8“198
011310
011820
011830

84
§itgs
0l1gg0
011g70
0118R0
0l11g90

olleoo
011910

81133

0119 ‘o
011950

011960

811378

012000
012010

012030

012040
012050

012040
012090
012100
012110




§8133
000141
000146

00151
808 Y
000156
0nodicy
000140
000141
000142

000163
000166

888172
000175

180

190

¢
200

210

007220,

Do 150 ISION
DOT1=00T1+PLRADIT)I®X1(])
0OT2,00T2,nELxn (T)#xR2 (1)
RHO=SQRT (ARS (DOT|/00T2) )

G0 To 20

NPAR2=p

RHO MINIMIZES 2Np ORpgR MOVE
GO TO 120

USES INTERNAL SUB, TO CoM /0DP/-] UF AND
p0T1=0,0

DOTZ:0.0

00 210 1=21,N
DQT1lsX1(p)ee2en0T1
00T25x1 (1) #AR2 (1) +00T2
RHO=zaRS (pOT1/DOT2!}

G0 To 20

END

52

/00P/= OR

812128
0121%0
012150

313153
B131%3

012200

818258

012230
012240
012259
012260
8 2270

2280

012290




000003
000003
000003
000003
000003

000003

00000
000n0

000017

000024
000026
000027
000033
0000

oooo2g
000047
000060

888852

000063
000065

838853

000074
000075
000100
§90182
000110
000113
000116

00012
00012
000132
000134
000138
000)4
000141
000144
000145

888158

000152
000160

SURROUTINE SECORX(IS)

OCTOBER 1970

(e ale)

C SECORD EVALUATES THE MATRIX OF SFCOND PARTIALS OF THE PENALTY
¢ FUNCT1ON,

c
C~ (1) MEANS DONT  COMPUTE GRANy OUTER PRODUCT(IN SECORD)
COMMON/SHARES/Xx (100), an(IOO). A(100,100) yNyms MNINPIyNMI
COMMON ZEQALS/He wle M2
8 MaN /oPrNSS/NTI-BTZ-Nr3.Nr‘-Nr5.Nr°.N17.NTB.N79-N710
/VALUES F G, 0,RS16MA, Ry 200y, RH
COMMON/CR?TS/DELX(lss)' 0 Lxs(loo" RHOIN'RATIO' EPS]? ruﬁrno'
1 Rrsygls gl 100y, "x3(100y, xg2(100), xgl(100y, pgl,
2 gnz.pl. Flo Rdl(ZOO). oorr. PSRAD(IOO)o D1AG(100)
REV3,ApDELX, NTCTR, NyMIN1, NPHASE, NSAT]S
no 10 1=)°N
NO 14 J=TeN
10 Ay =0,
GO TO (230+20)s IS
CGRADs TERM NOT PREV. COMPUTED
20 Do go 129N
0 gxleg
A(T,0)%0,0
30 CONTINUE
GO YO (49960)9 NT2
49 Do 50 r=1.N
50 A(T, 1y xRHO /X (1)ee2
60 CONTINUE
IF MbLE o] GO 70 130
no IN=
IF (RYCINY) 120.120.70
70 catt GRap1S(1
TT = RHO/RJ IN"“Z
po 110 1,1
1F (DEL(I)) 80.110.80
80 TeTTDEL (I,
N0 100 J=1+1
1F (DEL(J)Y) 99s1009%0
90 Alre ) mA(Tey) ¢TopEL ()
100 CONTINUE
110  CONTINUE
120  CONTINUE
C EQUALITY CONSTRAINTS
130 IF (M2) 210.210.
1% 60 To (Zbo'l 0,2 0). NPHASE
150  RO.2 ,RH
DO 200 JJU®1°'MZ
INz=Me JJ :
CAI Rapls(InNg
& 8 IE |N
*F (DEL([)) 16041904150
QuDEL (1)
DO 1RQ Js1°'l
IF (DEL (Y)Y 170,140,170
170 Aé£-4)=l(|-4)or'nEL(J)
180

160
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012310
012320

812328

012350
012340
012370

012460
47
o184a}
012490
012500

018819
012530
012540
S188%°
012570
0125R0

813238

012619

8152
64
012659
012660
012670

68
8 5698
012700
012710
012720
012730
012740
012750
012760
012770
0127a0

012g00

012819
012820

813528
n1285g
012860




000163

000166
000170
000172
000176

888313
000214
000215

888518

000224
000227

3
88832
000233
000236

888343
: 200558

000262
000270
800270
0243
000274
000276
888333
000312
00015
000322
[
899337
000335
000340

000343
000346

200338
88833¢

000362
000364
888383
000373
000376
000377
000401
00040

00040

000415
000420
000423

190

200
210

220

c
828

READY N

CONTINUE
CONTINUE

Do 220 I.l'N
OIAG(I)=A(Is])
Al

GO TO (2&8'510'520)' NT10
IF (MbL l GO TO
INES oM

Lo n2
c CONSTRA1NT ASSUMED NON_ [NpaR

250
260

270

280

290

300

319

320
330
340

35,

369

370
380

CALL MATRXX (IN'LORN)
xr (LDRN.LT. ) 68 Jo 330
é“ﬂ‘ .GT. ) 6o Tp 280

Inl- -]
00 260 J-‘.IM‘
IF (Algep)) 25042604250
ArTyJyaf(IyJ)el(J, 1)
A(J'l)lo,
CONT INUE
00 270 l=)4N
DiAG(I)=prhb(1)=Al]y])
A [] )-0 0
c0'18'33;
T2aRNWO/RJ( IN)
00 300 )1=2,N

lzywl
DY 300 Jgl,IM]
IF (A(J°I)) 290°300°290
ALTo ) =A(ToJ)eT®*A(JN])
A(J.l)lo,
CONTINUE
DD 320 Izl,4N
IF (A()s1)) 31093209310
21‘6(1"01‘6(1)‘T'A(I'I)

v])=0
cOhtikGe
CONTINUE
CONTINUE
GO TO (5209350+520) 9 _NPHASE
IF _(MZ.EQ,.0)

)=0
w FOR MaTRIx OF 2Np PARTIALS OF RgSTRAINTS

G0, 70 4o
EQUALITY ssc8"o PARTIALS HERE

IF (NBIO.G§.2) GD TO 42¢
00 112°'M2
INEMeT ]
LORNG2
CALL MATRXX élN'LORN)
Ir (LORN,LT+%) GO TO 41
'RJ(Ig’/RHO
80 1=
IMI-I 1
DO 370 J=191IM)
1IF (A(J9e))) 36093709360
ACToJ)mA(ToJ)eT®A(Yr )
A(JeI)=0,0
CONTINUE
CONTINUE
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012870
012880
012890
012900
012919
012920
818528
012950
012969
012970

012990
olsogo
013010
1392
813838
013040
013050

81388

o goﬂo
090
13loo
013110
013120
013130
01314¢
013150
3
813158
013180
013199
013200

513842
013230
013240
013250
013260
o130
013290

813308

013320
013330

013350
013340
013374
013380
013390
013400

g‘lo
013420
013430
013440




000425
000427

000432
088343

443
000446

00045]
000452
000454
000460
88 461

463
0n046és
000467
000476

388214

000516
000522
000523
000527
000532
0
000535
000541
000542
000556
0
208386
000567

38827

000506
000607
000616
000617

390

400
610

DO 400 I=]lyN

IF (A(Is1)) 3904400,390
DIAG(I)aDIAG(I)oT‘A(IoI)
Al1v1)a0,0

CONTINUE

CONTINUE

C GET MATRIX OF 2ND PARTIALS OF ORJECTIVE FUNCTION

420

43,
440

459
460
47¢

480
490

500

339

530

540

LLL=2

CALL MATRXX( O,LLL)

IF (LLLe LT..) G0 TO 490
00 440 Ix2,.M

IMI=I=1

Do 440 JaI.IMI

IF (Algeg)) 4309440,43¢
LIS CNIELYS CNIRY SNTR §
A(JylyaA(l,d)

DO 479 I:I'N

IF (A(Ls1)) 450,460,450
‘61 6):01Ar(1).A(I ' 1)

A(I I)’DIAG(I)
CONTINUE
RETURN

DO Sa0 I=1 N
Afry1)aDLAGIT)
0¥ 500 JalI,N
ALIY ) =A(Jo D)
GO To 48p

GO T (5;go350o350). NPHASE
Nno 0 1=
Ilel 1

D0 S3p J=1°'IM)
A(Jél)aA( ' J)

0 =2snN
A(I I)aDIAG(])
GO TO 489

END
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013480
01346y
013470
0134R

01349

013500
0I13s10
013s20

013549

013550
356
327

0135R¢

013599

013600
36
308

01363

013640

013650

013660

013670

01368

01383

013700

013710

013720

013730

01320

013750

813758

0137ﬂo
013790
013800
013810




888883

000003

888883

00001
000013

000014

OO0

OO0

SUBROUTINE SETS(TMMAX)
FEBUARY 1971

SET STORES THE TIME AT WHICH THE PROBLEM IS BEGUN
COMMON /TSWS/NSWW
COMMON /TMXS/TMOGEXTegXT90

SECOND GIVES U098 ¢Pu EXECUTION TimMg IN 1,1000 OF A SECOND

CALL SECOND (TMO)
EXT2TMMAX e TMO

EXTg0= TMO ¢ 0,g0mTMMaX
NSwwal

RETURN

END
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013830
013840

013859
013860

013899
013900

013%0
013920

313320
0139Sq
013940
013970




000002
000002
000002
000002

888882
000010
000012
000013
000017
000020
000022
000023

888822

000027

SURROUTINE STORES

OCTOBER 1970

00

C STORE STORES THE VALUES OF THE CURRENT POINT AND THE ASSOCIATED
C VALUES OF THE FUNCTIONS IN o TEMPORARY AREp.

COMMON/SHARES/X (100}, DEL (100} 9 2 (100+100) 4NyMy MN NP1 g NM]

CQOMMON ZEQALS/He Hly MZ

cOMMON ,yaLUES,F,G,P0,RSIGMA, RJ(200), RHO

COMMON/CRSTS/DELX(lsg)' DELXg 100)* RHOINYRATIOY EPSI® THETAQ®

1 rsyigle glv x1(100y, x2(100y, x3¢100), xg2(100), xgl(100), pgrl,

2 PR2,P1y fFle R,y1(200)s DOTTe psnn (100) o;AG(IOO)'

3 PRev3, ApELX, NTCTR, NUMINI, NPHASE, NSAT]

DO 10 I=1°'N
10 xlepsxon

MM2aMeMZ

p0 20 y=1,mMMZ

20 Bflég)an(J)

FlaF
G1®6

RSIG1 "RSIGMA
Hj=sH

RETURN

END
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SURRQUTINE TCHFCX
FEBUARY 1971

TCHECK CHECKS THE NUMBER OF SECONDS TH
OF THE PRORLEM, IF THE SOLUTION IS TaK
OF THE ESTIMATED MAXIMUM TIMEs A §wag

COMMON /QPTNSS/NT1eNT2oNTIsNTHeNT

C8MM8N /TSWS/NSHW

cUMMON  yMyS,TMO EXT,EXT90

CALL SECOND !sgcs!

IF (SECS.LTeEXT9q) RETURN
GETTING cLOSE TO EXCEEDING THE TIME LI
MORE OUTPUT.,

NT23=2

X2SpeS 5"0

WRITE (B9 ) X

FORMAT (86X LT IME=sF9 348y SECONDS

IF (SECS 6T, ExT) NSwwa2

CALL OuTpux (1)

RETURN

END
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AT HAVE ELAPSED SINCE THE STARY
ING LONGER THAN 90 PERe=CENT

H IS SET TO GIVE MORE OUTPUT,
oNTEINTTyNTBINTIWNTIO

MIT SET OUTPUT OPTION TO GIVE
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SUBROUTINE TIMECS
FEBUARY 1971

TIMEC CHECKS THE NUMBER OF SECONDS THAT HAVE ELAPSED SINCE THE START
OF THE PROBLEM., IT PRINTS THIS NUMBER, IF THE SOLUTION IS TAKING
TIMEe ¢HECKS THE NUMpgER OF SECONDS THAT HAVE ELAPSED SINCE THE ST,RT
OF THE PRORLEM, IT PRINTS THIS NUMBER, IF THE SOLUTION IS TAKING
LONGER THAN THE ESTIMATED MaXIMUM TIMgs 5 SWITcH IS SET TO TERMINATE
T RUN.

ol COMMON ,TSyS , NSwy

COMMON /TMXS/TMOLEXT,EXT90

SECOND GIVES JOB CPU EXECUTION TIME IN 171000 OF A SECOND
CALL SECOND (SECS)
X2SECS=TM
[wRiTe (3.205 X |
Lg (SECS.LTEXT) GO TO 10

W2
RETUpN

FORMAT (6X,SHTIMEZF9+3,8H SECONDS)
END
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SURROUTINE XMOVES

MARCH 197)

s Nalel

¢ XMOVE DETERMINES THE VECTOR ALONG WHICH THE SEARCH FOR A MINIMUM IS
¢ USING DPT,

COMMON/SHARES/X(100) s ppL (100)s A (100+0100) yNyMs MNoNPLIoNM]

COMMON/CRSTS/UFLX(IOO). OFLX0(L00)s RHDINSRAT]1Os tpsl& THETAQ

1 ®S1GI, 6l, x1¢100), X2(100), X3(100), xﬂailoo;. xRI(100y, PRy,

2 PR2'PI® F1* RU1(200’* DOTT® PGRAD(Ig0’* 0OlAG g

3 PRFV3sADELXs NTCTRs NUMINLe NPHASEs NSATIS

CB Bmxrxporx /7 NEXOPle NEXDP2s XEPl, XEP2

/XVFS,S16,100),yy(100),Xxxx(100),DELL (100}
C==NEXOP? DETERMINES HOW MDVE IS TD BE MADE
¢ NeXDP2 = 1 ySg MONIFIER NEWTON RAPHSON METHOQ.
= 2 USE MOAIF1ED NFEWTON RAPHSON MgTHORs gUT Apg QELXO To
DRTHOGONAL MOVE VECTOR 1r HESS1AN 1S INDFFIN1TE.
3 USE STeePeST DESCENT METWOD,
4 USE MCCORMICK'S MODIFICATION OF THE FLETCHER-POWELL
MEYHOD.

GU To (10,10,10,30), NgxoP2
C==NEWTDN =RAPy WI1TH WHATEVER MgTHDO IS 1IN INVERSE
10 cALL GRApS (1)
C-=ONE (1) MEANS ACCHMULATF MATR1X OF SECOND PARTIAL OERIVATIVES

CALL SECORX (D)

70 €0 r=lyn
20 NELX(I)=QELX0 (1)

CALL INVERX(1)
C IF A NONPOSITVE PIVDT IS ENCOUNTEREO IN INVERSE AN ATTEMPT IS MADE TO
C COMPUTE a VECTOR HaAVING A PDS1T1IVE DOT PRODUCT WITH A NEGATIVE
C FIGENVECTDR AND THF NEGATIVE OF DEL P.

callL STORgS

CALL OPTS

RETURN
C==F=P=D=MCC MDVE
30 CALL GRAQS(2)
C==MN 1S NDe DF MUVES FDR THIS VALUE DF RHO

1F (MNeNg,0) G0 10 70
40 [Repto

aNalaNalg]

C--SET INITIAL GUESS INVERS MATRIX DF SECOND PARTIAL OERIVATIVES
C== USE PARTIAL INVERSE 1F KNOWN
0 30 1=1,N
0 g=ln
S0 A(lydy=0,0
DO 60 I=1°N
60 AtTy1)s1,0
To 00 80 131N
A0 DELX (1)=DELX0 (1)
IF (IREP,GTN) GD T? 40
81.50.0) Go 1o 130
9 Il N
SlG(])lX(l)-XXx(])
90 YY(ly=DELL (I)=NELXO (1)
C==NEGATIVE GRADIENT STORED ANpD COMPUTEOQ

c--cOMPUT
?00 l'l'N

01468¢
014690
n1a7po0
0l&am0
014720

}68
01480?
014897
014804
014805

0I4806
0laglo
01487¢

0I4B4p

01‘860
01487¢

014890
014900
0Is4910

014940
014950

0“910
Olagn
014990
015000
015010
0Is020
012030

19040
01%050
812858
0150A0
015090

812198
olsIzo
01513y
0IS140
813138

0IsIq0




000104
00010s

000107

000122
000123
000124
000132

888133

00013¢

000140
000143

888183

000165
000167
000171
0001ye
000176
000177
000201
000214
000215
000216
000223
000225

886238

000233

88833¢

000236

888236
000242
000246
000247
000250
000251

DELX(1)%0,0
po 100 jal,N

100 MEELX(I)'DELx(1)0A(IoJ)'YY(J)

€--COMPUTE v (516 «Hy).l

ZCON=0,0

00 110 1=l,N

110 zcon:zSONoYY(I)O(sae(é)
1F (z€ON EQ,0,0) 6O T
lREPthEPo]
zc=1,/72coN

C== UPDATE H MATR1X USING
00 120 1alyn
Tl-Zc'(Sle(l)-nELX(l))
00 120 Jal,

=DELX (1))
130

MCC FORMULA WHEN SCALAR Ng O

A(l'J)th(l'J)0Tl'(-0ELX(J)OSlG(J))

120 Aty =a(rey)

C==- 57085 CURRENT~P01NT AND CURRENT GRADIENT (NEG)

130 00 140
xxxu’-xnf
140 DEL%(I)'Q LX0 (1)
50 o
DELX(1)=0 .0
150 Jgl,

150 DELX(I"OELX(I’0A(1'J"OELXO(J’

Zcls0
00 166 I=leN
160 ZCcl=QELX (1) **2s2¢]
2C1=SORT (2C1)
00 170 1=1,N
170 DELX(1)sQELX(1)/2C1
CALL STORES
CALL OPTS
1T=]1T+
RETURN
180 CONTINUE
€ STEEPEST DESCENT
CAL& 8RADS(¢)
lt oN
190 OELX(é)-oEgXO(l)
CALL
CALL OPTS
RETURN
ENO
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User-Supplied Subroutines for Inside Programs
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000002
000002
000003

SUBROUTINE READIX
9999 CONTINUE

RETURN

END
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SUBROUTINE RESTNX(INysVAL)

000005 COMMON/PROB/ ] SP
000005 coMMON/IN/H({oo)
000005 COMMON/SHARES/X (100) ey (100) ,4(100,100) , N,y uNeNP L NM]
000005 Iﬁ(ﬁsp-l)looo.looo. 000
000007 1000 FNg
000011 VAL®0.
000015 IF(INélloo-llooolaoo
00001 1100 po 1150 ,=iyN
000015 1150 VA =VA{ eW () #(X( ) =2,) a2
000023 60 70 9999
000024 1200 VAL®FN
00002 DO 1250 J=1sN
88882 1259 VA =VA =X ()
33 60 TO 9999
000033 2000 FN=N
000035 VAL’O.
000035 IF (INy2100,2100,2200

000037 2100 D0 2150 J=1°N
888835 2150 VAL = ;3%9‘ W(J)ad,5 ® (X (J)ep,) ey
GO To

v FN
888822 At DSLEZSO J:l!N

000057 2250 VAp=vAL=x( ) #e2

000063 G0 T0 9999
000064 9999 CONTINUE
000064 RETURN
000065 END
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000003
00000
00000
000003

00000
000010

000013
000015
000017
000025
000026
000030
000034
000034

888835

000052
000053
000055
00001
000062
000042
000063

500
1000

1100
1150

0
1250

2000

210
21%

2200
2250

9999

SURROUTINE GRADIS(IN)

COMMON/PRORBR/ ISP
COMMON/IN/W(100)

DO 200 J=1
DEL ()

COMEON/SHARCS/X(IOO)oDEL(loo) WA (100,100) ynyMomNonP] oM

IF(Isp-?)IOOO 1000,2000

IF(IN) 1100, 1100.1200
p0 1150 J:l;
DEL(J) = 2,
GO TO 9999
DO 1250 J=1sN

DSL( }zal,

T0 9999
IF(IN)219092100%2200
D0 2150 J=1°'N
DEL(J) = 2,
GO TO 9999
D0 2250 J=1,N
DEL(J) za2.,*X())
GO TO 9999
CONTINUE
RE TURN
END

WD *(x(J)ep,)

® W(JI*e,5 & (X(J)=2,)
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SUBROQUTINE MATRXX (INsL)

000005 COMMON/PROB/1SP
888885 COMMON/IN/W(10¢)

5 COMMON/SHARES/X (100) yngt (100) ,2¢100,100) .5 M uNonpL  Nm)
000005 IF (15P=1)1000,1000,2000

000007 lgoo 1g(1N)1l00,110041200
000011 1100 oY 1150 J:l;N
000013 1150 AGY*Y) = 2,%w ()

000023 GO TO 9999

000023 1200 CONTINUE

000023 GO TO 9999

00002 2000 IF(INEZIOOvZIOO'ZZOO
00002 2100 Do 21°0 y=misn

000030 2150 A(Jydym 2,8W(Jyna,5
000044 GO TO 9999

000045 2200 DO 2250 J=]N
000047 2230 A4y )a=2,

000056 6g, 10 9999
000056 9999 CUNTINuUE
000056 RETURN
000057 END
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USER-SUPPLIED INFORMATION CARDS AND RESULTS PRINTING OUT ALL POINTS
OF INSIDE PROGRAMS

It is useful in debugging the overall program and in increasing
solution efficiency to print out the solutions of the inside programs,
preferably all points. The starting points of the inside programs
should be feasible, which is dependent upon the starting point of
the outside program. The starting point of the outside program
should also be feasible. The solutions of the inside program for
the starting point of the outside program should be examined. Also,
several points of the outside program, and the corresponding inside
program solutions, should be examined.

The SUB computer program, leaving in the statements for printing
of points of the inside program, provides the opportunity to accom-
plish the above, when used with the user-supplied information cards
given here,

User-supplied information cards are: parameter card, initial
starting point, option card, tolerance card and second option card.
Three sets of user-supplied information cards are necessary for the
example problem,

The outside program has, on the parameter card, information that
EPSI = 1.E-05, RHOIN = 10., THETAO = 1.E-05, RATIO = 10., TMMAX =
360., M 2, N =4, MZ = 0, The initial starting point is X =
= x, = X, = 4, The option card indicates that all points of the

2 3 4
outside program are to be printed out (Option 3 2), and that there

X

1). The tolerance

is at least one nonlinear constraint (Option 10
card indicates that for numerical differentiation and control of
P-function minimization the tolerances are .00l1. Finally, the second
option card indicates that the problem is to be solved without check-
ing first derivatives (Option 1 = 1), and that steepest descent is

used to minimize the P-function (Option 2 = 3).
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The inside program information cards are similar, with the
following exceptions., Each problem has one constraint (M = 1).
The starting points are v

=V, S vz =V, = .5. The first option

cards indicate that all sibproblem solutions of the inside programs
are to be printed out (Option 3 = 1). The first option cards also
indicate that the first inside program has all linear constraints
(Option 10 = 2) and the second inside program has at least one non-
linear constraint (Option 10 = 1). The second option cards for
both inside programs indicate that the second-order method, called
generalized Newton-Raphson, is used to minimize the P-function
(Option 2 = 1).

The printout of results gives initial information for the outside
program,

It indicates that Problem A is being solved. It gives initial
information for Problem A, noting that SUB is used. It solves
Problem A for the initial starting point of the outside program,
requiring 16 points, and indicates that Problem A is solved.

It indicates that Problem B is being solved. It gives initial
information for Problem B, noting that SUB is used. It solves
Problem B for the initial starting point of the outside program,
requiring 16 points, and indicates that Problem B is solved.

It prints out information for the outside program, namely the
starting point values of the constraints found by solving Problem A
and Problem B, and the feasible starting point to be used in the
overall procedure.

It then prints that Problem A is being solved. The initial
information is not printed this time, however, it having been by-
passed in SUB after the first time. Again, Problem A is solved.
The printout is given up to point 4 of this solution. The remain-
der, not included here, is similar for more points of the outside

program.
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User-Supplied Information Cards
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Printout of Results
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